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Description
BACKGROUND
1. Field
[0001] One or more embodiments relate to an organic light-emitting device.
2. Description of the Related Art

[0002] Organic light-emitting devices are self-emission devices that produce fullcolor images, and also have wide
viewing angles, high contrast ratios, short response times, and excellent characteristics in terms of brightness, driving
voltage, and response speed, compared to related devices in the art.

[0003] An example of such organic light-emitting devices may include a first electrode disposed on a substrate, and a
hole transport region, an emission layer, an electron transport region, and a second electrode, which are sequentially
disposed on the first electrode. Holes provided from the first electrode may move toward the emission layer through the
hole transport region, and electrons provided from the second electrode may move toward the emission layer through the
electron transport region. Carriers, such as holes and electrons, recombine in the emission layer to produce excitons.
These excitons transit from an excited state to a ground state, thereby generating light.

[0004] US2017/358761 A1 discloses compounds that are photoluminescent and electroluminescent. US 2005/227112
A1 discloses an electroluminescent element having at least one organic layer including a luminescent layer between a pair
of electrodes. WO 2010/079051 A1 discloses silyl and heteroatom substituted compounds, selected from carbazoles,
dibenzofurans, dibenzothiophenes and disilylbenzophospholes.

SUMMARY

[0005] Aspects of the present disclosure are directed toward an organic light-emitting device as described in inde-
pendent claim 1.

[0006] Additional aspects will be set forth in part in the description which follows and, in part, will be apparent from the
description, or may be learned by practice of the presented embodiments.

[0007] Accordingtoanembodiment(notforming partofthe claimed invention), an organiclight-emitting device includes:

a first electrode;

a second electrode facing the first electrode; and

an organic layer between the first electrode and the second electrode and including an emission layer,

wherein the organic layer further includes a first compound represented by Formula 1 and a second compound
represented by Formula 2:

Formula 1 (CY Dim1-(L1)p1-(CY2)ma
Formula 1-1 Formula 1-2
*
(R) A ~_‘ 1 1,) (R) T/’ \ET_,
Ve A { Az T Rode Rz A | As —(Radag
Formula 1-3
*
><L2)b2“(R7)ar
Rss—— A5 | | As ——(Re)us

- %
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[0008] In Formulae 1, 1-1, 1-2, and 1-3,

CY, and CY,, are each independently a group represented by one of Formulae 1-1, 1-2, and 1-3,

m1 and m2 are each independently 0, 1, or 2, wherein the sum of m1 and m2 is 2,

L, and L, are each independently selected from a substituted or unsubstituted C5-C,, cycloalkylene group, a
substituted or unsubstituted C4-C, heterocycloalkylene group, a substituted or unsubstituted C5-C,4 cycloalkeny-
lene group, a substituted or unsubstituted C,-C, heterocycloalkenylene group, a substituted or unsubstituted C¢-Cgy,
arylene group, a substituted or unsubstituted C4-Cg heteroarylene group, a substituted or unsubstituted divalent non-
aromatic condensed polycyclic group, a substituted or unsubstituted divalent non-aromatic condensed heteropoly-
cyclic group, and -Si(Q4)(Q,)-,

b1 is an integer of 0 to 5,

b2 is an integer of 0 to 4,

X, to X, are each independently selected from a single bond, *-O-*, *-S-*, *-C(Rg)(Rg)-*", *-C(=0)-*, *-B(Rg)(Rg)-*',
*-N(Rg)-*, *-P(Rg)-*", and *-Si(Rg)(Rg)-*",

rings A, to Ag are each independently a C5-Cg carbocyclic group or a C,-Cgq heterocyclic group,

R, to Rq are each independently selected from hydrogen, deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a salt thereof, a substituted or unsubstituted
C-Cgp alkyl group, a substituted or unsubstituted C,-Cgq alkenyl group, a substituted or unsubstituted C,-Cgq alkynyl
group, a substituted or unsubstituted C,-Cg alkoxy group, a substituted or unsubstituted C,-C, cycloalkyl group, a
substituted or unsubstituted C4-C, y heterocycloalkyl group, a substituted or unsubstituted C5-C o cycloalkenyl group,
a substituted or unsubstituted C,-C, heterocycloalkenyl group, a substituted or unsubstituted C¢-Cgq aryl group, a
substituted or unsubstituted C4-Cg aryloxy group, a substituted or unsubstituted Cg-Cg arylthio group, a substituted
or unsubstituted C4-Cg, heteroaryl group, a substituted or unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted monovalent non-aromatic condensed heteropolycyclic group, -
Si(Qq)(Q2)(Qa), -B(Q4)(Q2), -N(Q1)(Qz), -P(Q4)(Qy), -C(=0)(Q4), -S(=0)(Qy), - S(=0)»(Q4), -P(=0)(Q4)(Qy), and
-P(ESNQ)(Qy),

a1l to a7 are each independently an integer from 1 to 8, and

Formula 2

(Ria)ata Lia)p1a—(L1sdoie—(Laslp1s
\ \ /(Rﬂ)aﬁ

Ay}
Ay

(L1a)p1a /M”\ (L)1t
T3 Tiz

/ \

Y Y2~

I' A13 \ -“’/g A12

/ (Li2do1z \

(Riz)ata (Riz)arz

H

wherein, in Formula 2,

M, is selected from platinum (Pt), palladium (Pd), copper (Cu), silver (Ag), gold (Au), rhodium (Rh), iridium (Ir),
ruthenium (Ru), osmium (Os), titanium (Ti), zirconium (Zr), hafnium (Hf), europium (Eu), terbium (Tb), and thulium
(Tm),

A, to Ay, are each independently selected from a C5-Cg carbocyclic group and a C4-Cgq heterocyclic group,
Y, to Y4, are each independently nitrogen (N) or carbon (C),
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T44 to T44 are each independently selected from a single bond, oxygen (O), and sulfur (S),

L to Ly5 are each independently selected from a single bond, *-O-*, *-S-*, *-C(R45)(R4g)-*, *-C(R45)="",
*=C(Ry5)-"", *-C(R5)=C(R4p)-", *-C(=0)-*, *-C(=S)-", *-C=C-*, *-B(R45)-"", *-N(Ry5)-", *-P(Ry5)-", *-Si(R¢5)
(Ryg)-", *-P(=0)(R45)(R1¢)-"", and *-Ge(R5)(R1g)-"",

b11 to b13 are each independently an integer from 0 to 3,

whenb11is0, A,y and A, are notlinked to each other, whenb12is 0, A;, and A, 3 are not linked to each other, and
when b13is 0, A;5 and A4, are not linked to each other,

L4 to L4g are each independently selected from *-O-*, *-8-*, *-C(=0)-*, *-C(=S)-*', *-B(R47)-*', *-N(R47)-*,
*-P(R47)-", *-Si(R47)(R1g)-*", *-P(=O)(R47)(R1g)-*', *-Ge(R47)(R4g)-*', a divalent C,-C,, hydrocarbon group, a
divalent C5-Cg carbocyclic group, and a divalent C4-Cgq heterocyclic group,

b14 and b15 are each independently an integer from 1 to 5,

b16 is an integer from 0 to 5,

when b16 is 0, L4 is a single bond,

R41 to R,g are each independently selected from hydrogen, deuterium, -F, - CI, -Br, -1, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a substituted or unsubstituted
C4-Cgg alkyl group, a substituted or unsubstituted C,-Cg alkenyl group, a substituted or unsubstituted C,-Cg
alkynyl group, a substituted or unsubstituted C4-Cg, alkoxy group, a substituted or unsubstituted C5-C,,
cycloalkyl group, a substituted or unsubstituted C4-C,, heterocycloalkyl group, a substituted or unsubstituted
C5-Cy cycloalkenyl group, a substituted or unsubstituted C4-C, heterocycloalkenyl group, a substituted or
unsubstituted Cg-Cgq aryl group, a substituted or unsubstituted Cg-Cg aryloxy group, a substituted or unsub-
stituted Cg-Cg arylthio group, a substituted or unsubstituted C;-Cg, heteroaryl group, a substituted or unsub-
stituted C4-Cg heteroaryloxy group, a substituted or unsubstituted C4-Cg heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycyclic group, a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, -Si(Q4)(Q,)(Q3), - B(Q1)(Q,), -N(Q1)(Q,), -P(Q4)(Qy), -C(=0)
(Qy), -8(=0)(Qy), -S(=0),(Q4), -P(=0)(Q4)(Qy), and -P(=8)(Q4)(Q,),

RysandR4q; Rysand Ry5; Rysand Ry3; or Rysand Ry, are optionally linked to form a substituted or unsubstituted
C5-Cg carbocyclic group or a substituted or unsubstituted C4-Cg heterocyclic group,

a11 to a14 are each independently an integer from 1 to 8,

*and * each indicate a binding site to a neighboring atom,

at least one substituent of the substituted C5-C, cycloalkylene group, the substituted C4-C,, heterocycloalk-
ylene group, the substituted C5-C cycloalkenylene group, the substituted C4-C, heterocycloalkenylene group,
the substituted Cg-Cg arylene group, the substituted C4-Cgq heteroarylene group, the substituted divalent non-
aromatic condensed polycyclic group, the substituted divalent non-aromatic condensed heteropolycyclic group,
the substituted C,-Cgq alkyl group, the substituted C,-Cg alkenyl group, the substituted C,-Cg alkynyl group, the
substituted C-Cg alkoxy group, the substituted C5-C, ¢ cycloalkyl group, the substituted C4-C, o heterocycloalkyl
group, the substituted C5-C4 cycloalkenyl group, the substituted C4-C,, heterocycloalkenyl group, the sub-
stituted Cg-Cg aryl group, the substituted Cg-Cg aryloxy group, the substituted Cg-Cg arylthio group, the
substituted C4-Cgy heteroaryl group, the substituted C4-Cgy heteroaryloxy group, the substituted C4-Cgq
heteroarylthio group, the substituted monovalent non-aromatic condensed polycyclic group, and the substituted
monovalent non-aromatic condensed heteropolycyclic group is selected from:

deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C4-Cgq alkyl group, a C,-Cg alkenyl group, a C,-Cgq alkynyl group, and a C,-Cg
alkoxy group;

a C4-Cgq alkyl group, a C,-Cg alkenyl group, a C,-Cg alkynyl group, and a C4-Cg alkoxy group, each
substituted with at least one selected from deuterium, -F, - CI, -Br, -1, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono group, a C3-C44 cycloalkyl group, a C4-C4
heterocycloalkyl group, a C5-C4, cycloalkenyl group, a C4-C,, heterocycloalkenyl group, a Cg-Cgq aryl
group, a C4-Cgq aryloxy group, a Cg-Cg arylthio group, a C4-Cg( heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group,
-Si(Q11)(Q12)(Q43), - N(Q44)(Q42), -B(Q41)(Q432), -C(=0)(Q44), -S(=0),(Q44), and -P(=0)(Q41)(Q42);

a C5-C4q cycloalkyl group, a C4-C4, heterocycloalkyl group, a C5-C4q cycloalkenyl group, a C4-Cyg
heterocycloalkenyl group, a Cg-Cgq aryl group, a Cgz-Cqqy aryloxy group, a Cg-Cgq arylthio group, a
C,-Cgp heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-
aromatic condensed heteropolycyclic group, a biphenyl group, and a terphenyl group;

a C5-C4g cycloalkyl group, a C4-C4, heterocycloalkyl group, a C5-C4g cycloalkenyl group, a C4-Cy
heterocycloalkenyl group, a Cg-Cg aryl group, a Cg-Cqy aryloxy group, a Cg-Cgq arylthio group, a
C,-Cgq heteroaryl group, a monovalent non-aromatic condensed polycyclic group, and a monovalent
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non-aromatic condensed heteropolycyclic group, each substituted with atleast one selected from deuterium,
-F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C4-Cgq alkyl group, a C,-Cg, alkenyl group, a C,-Cg alkynyl group, a C4-Cg( alkoxy
group, a C5-C,4 cycloalkyl group, a C4-C, heterocycloalkyl group, a C3-C,, cycloalkenyl group, a C4-C,
heterocycloalkenyl group, a C4-Cg aryl group, a Cg-Cg aryloxy group, a Cg-Cg arylthio group, a C4-Cgy
heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic
condensed heteropolycyclic group (wherein a carbazolyl group in the monovalent non-aromatic condensed
heteropolycyclic group is excluded), -Si(Q54)(Q22)(Q23), -N(Q51)(Q55), -B(Q51)(Q55), -C(=0)(Q54), -S(=0),
(Q4), and - P(=0)(Q4)(Qy); and

-Si(Q31)(Q32)(Qs3), -N(Q31)(Qsy), -B(Q31)(Qs2), -C(=0)(Qy1), -S(=0)(Qs), and -P(=0)(Q3)(Q3,), and
Q4 toQ3, Q4110 Qq3,Qy4 to Q,3, and Q54 to Q3 are each independently selected from hydrogen, deuterium,
-F, -ClI, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C4-Cgq alkyl group, a C,-Cg alkenyl group, a C,-Cg alkynyl group, a C4-Cgq alkoxy
group, a C5-C, cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C,¢ cycloalkenyl group, a C4-C4
heterocycloalkenyl group, a C¢-Cg, aryl group, a C4-Cg aryl group substituted with a C4-Cgq alkyl group, a
Cg-Cgg aryl group substituted with a Cg-Cgq aryl group, a terphenyl group, a C4-Cgq heteroaryl group, a
C,-Cg heteroaryl group substituted with a C4-Cg alkyl group, a C4-Cgq heteroaryl group substituted with a
Ce-Cg aryl group, amonovalent non-aromatic condensed polycyclic group, and a monovalent non-aromatic
condensed heteropolycyclic group.

[0009] According to another embodiment, a flat-panel display apparatus includes: a thin film transistor including a
source electrode, adrain electrode, and an active layer; and the organic light-emitting device described above, wherein the
first electrode of the organic light-emitting device is electrically connected to one of the source electrode and the drain
electrode of the thin film transistor.

[0010] At least some of the above and other features of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWING

[0011] These and/or other aspects will become apparent and more readily appreciated from the following description of
the embodiments, taken in conjunction with the drawing (Fig. 1), which is a schematic view of an organic light-emitting
device according to an embodiment.

DETAILED DESCRIPTION

[0012] Reference will now be made in more detail to embodiments, examples of which are illustrated in the accom-
panying drawing, wherein like reference numerals refer to like elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed as being limited to the descriptions set forth herein.
Accordingly, the embodiments are merely described below, by referring to the drawing, to explain aspects of the present
description. As used herein, the term "and/or" includes any and all combinations of one or more of the associated listed
items. Expressions such as "atleast one of," when preceding a list of elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0013] Throughoutthe description, the term "ring" and "group" are interchangeably used in describing cyclic functional
groups. For example, "a pyrene ring" is used to refer to a pyrene group, and vice versa. Also, any numerical range recited
herein is intended to include all sub-ranges of the same numerical precision subsumed within the recited range. For
example, arange of"1.0to 10.0"is intended to include all subranges between (and including) the recited minimum value of
1.0 and the recited maximum value of 10.0, that is, having a minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to 7.6. Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations subsumed therein and any minimum numerical limitation recited in this
specification is intended to include all higher numerical limitations subsumed therein.

[0014] An organic light-emitting device according to an embodiment includes: a first electrode; a second electrode
facing the first electrode; and an organic layer between the first electrode and the second electrode and including an
emission layer,

wherein the emission layer comprises a host and a dopant, the host comprises a first compound represented by Formula 1
and the dopant comprises a second compound represented by Formula 2A or 2B.

[0015] The first compound is represented by Formula 1:

Formula 1 (CY )m1-(L1)p1-(CY2)m2
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Formula 1-1 Formula 1-2
|
(R)a A PR T (R2)az (Ra)az—— Az | A, C(Ra)as
Ny 2,,»\* PN
Formula 1-3

*
><Lz}b2‘(R7)a7

(Re)as—— As \ i As ——(Re)as
“ -"’«" X4 b &7

[0016] InFormulae 1, 1-1,1-2,and 1-3, CY, and CY,, are each independently a group represented by one of Formulae
1-1, 1-2, and 1-3.

[0017] m1and m2 are each independently 0, 1, or 2, wherein the sum of m1 and m2 is 2. For example, m1 and m2 may
each be 1; m1 may be 2 and m2 may be 0; or m1 may be 0 and m2 may be 2.

[0018] InFormulae 1, 1-1,1-2,and 1-3, L, and L, are each independently selected from a substituted or unsubstituted
C5-C4 cycloalkylene group, a substituted or unsubstituted C4-C, heterocycloalkylene group, a substituted or unsub-
stituted C5-C, cycloalkenylene group, a substituted or unsubstituted C4-C,, heterocycloalkenylene group, a substituted
or unsubstituted Cg-Cg (€.9. C4-C3q) arylene group, a substituted or unsubstituted C4-Cg (e.g. C4-Cy) heteroarylene
group, a substituted or unsubstituted divalent non-aromatic condensed polycyclic group, a substituted or unsubstituted
divalent non-aromatic condensed heteropolycyclic group, and - Si(Q4)(Q,)-.

[0019] In one embodiment, L, and L, may each independently be selected from:

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzofluorene group, a
dibenzofluorene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene group, a chrysenylene
group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a quinolinylene
group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a pyrazolylene group, an
imidazolylene group, an oxazolylene group, an isoxazolylene group, a thiazolylene group, an isothiazolylene group,
an oxadiazolylene group, a thiadiazolylene group, a dithiazolylene group, a carbazolylene group, and a triazinylene
group;

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group, each substituted with at least one selected from deuterium, -F, -Cl, - Br, -1, a hydroxyl
group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a saltthereof, a
C,-C,, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group; and

-Si(Q4)(Q5)-, and

Q, and Qg may each independently be selected from:

a C4-C,q alkyl group, a C4-C, alkoxy group, and a phenyl group; and

a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group, each substituted with at least one
selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a C4-C, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group.

[0020] In one embodiment, L, and L, may each independently be selected from:
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a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzofluorene group, a
dibenzofluorene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene group, a chrysenylene
group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a quinolinylene
group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a carbazolylene group, and a
triazinylene group;

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group, each substituted with at least one selected from deuterium, -F, -Cl, - Br, -1, a hydroxyl
group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a saltthereof, a
C,-C,, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group; and

-Si(Q4)(Qs5)-, and

Q4 and Qg may each independently be selected from:

a C4-C,q alkyl group, a C4-C,, alkoxy group, and a phenyl group; and

a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group, each substituted with at least one
selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a C4-C, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group.

[0021] For example, L; may be selected from:

a phenylene group, a pyridinylene group, and a pyrazolylene group;

a phenylene group, a pyridinylene group, and a pyrazolylene group, each substituted with at least one selected from
deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a C4-C, (e.g. C4-C,) alkyl group, a C4-C,,
(e.g. C4-C4;) alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group; and
-Si(Q4)(Q5)-, and

Q4 and Q5 may each independently be selected from:

a C4-C,q alkyl group, a C4-C,, alkoxy group, and a phenyl group; and
a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group, each substituted with a C4-C, alkyl
group.

[0022] In Formulae 1, 1-1, 1-2, and 1-3, b1 and b2 may each independently be an integer from 0 to 5. For example, b1
may be an integer from 0 to 5. For example, b2 may be an integer from 0 to 4. For example, b1 and b2 may each
independently be 0, 1, 2, or 3.

[0023] In Formulae 1-1, 1-2, and 1-3, X, to X, may each independently be selected from a single bond, *-O-*, *-8-*,
*-C(Rg)(Rg)-", *-C(=0)-", *-B(Rg)(Ro)-", *-N(Rg)-"", *-P(Rg)-", and *-Si(Rg)(Rg)-".

[0024] In Formulae 1-1, 1-2, and 1-3, X, to X, may each independently be selected from *-O-*, *-8-*, *-C(Rg)(Rg)-*',
*C(=0)-*, *B(Rg)(Rg)-", *N(Rg)-", *-P(Rg)-", and *-Si(Rg)(Ro)-""

[0025] In Formulae 1-1, 1-2, and 1-3, A, to Ag are each independently a C5-Cgq carbocyclic group or a C,-Cg,
heterocyclic group. For example, in Formulae 1-1, 1-2, and 1-3, A, to Ag may each independently be a C5-C5, carbocyclic
group or a C,-C,, heterocyclic group. For example, in Formulae 1-1, 1-2, and 1-3, A, to Ag may each independently be a
C5-C, carbocyclic group or a C,-C, heterocyclic group. For example, in Formulae 1-1, 1-2, and 1-3, A; to Ag may each
independently be a C4-C4¢4 carbocyclic group or a C5-C,, heterocyclic group.

[0026] In one embodiment, A; to Ag may each independently be selected from a benzene ring, a naphthalene ring, a
pyridine ring, a pyrimidine ring, a pyrazine ring, a pyridazine ring, a triazine ring, a quinoline ring, an isoquinoline ring, a
quinoxaline ring, a quinazoline ring, and a ring represented by Formula 4:



10

15

20

25

30

35

40

45

50

55

EP 3 537 495 B1

Formula 4

Xs

Xs
[0027] In Formula 4,

X5 and Xg are each independently selected from *-O-*, *-S-*, *-C(Rg)(Rg)-", *-C(=0)-*, *-B(Rg)(Rg)-"', *-N(Rg)-*,
*-P(Rg)-*', and *-Si(Rg)(Rg)-*’, and
Rg and Ry are the same as described in connection with Rg and Rg in Formulae 1-1 to 1-3.

[0028] Forexample, A to Az may each independently be selected from a benzene ring, a naphthalene ring, a pyridine
ring, a pyrimidine ring, a pyrazine ring, a pyridazine ring, and a triazine ring, and
Ag may be selected from a benzene ring, a pyridine ring, and a ring represented by Formula 4-1:

Formula 4-1

[0029] In Formula 4-1,

Xg may be *-O-* or *-S-*,
Rg and Ry may respectively be defined the same as Rg and Rq in Formulae 1-1 to 1-3.

[0030] Forexample, A;to A;, Agand Ag may each independently be selected from a benzene ring, a naphthalenering, a
pyridine ring, a pyrimidine ring, a pyrazine ring, a pyridazine ring, and a triazine ring, and

A, may be selected from a benzene ring, a pyridine ring, and a ring represented by Formula 4-1.

[0031] InFormulae 1-1,1-2,and 1-3, R; to Rq are each independently selected from hydrogen, deuterium, -F, -Cl, -Br, -,
a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-Cg, (e.g. C4-C,) alkyl group, a substituted or unsubstituted C,-Cg (€.9. C,-C,() alkenyl
group, a substituted or unsubstituted C,-Cg (€.9. C,-Cyq) alkynyl group, a substituted or unsubstituted C,-Cg (e.9.
C4-C,) alkoxy group, a substituted or unsubstituted C5-C,4 cycloalkyl group, a substituted or unsubstituted C4-C,,
heterocycloalkyl group, a substituted or unsubstituted C5-C,, cycloalkenyl group, a substituted or unsubstituted C4-C,,
heterocycloalkenyl group, a substituted or unsubstituted Cg-Cg (€.9. C4-C3q) aryl group, a substituted or unsubstituted
Ce-Cgp (e.9. Cg-Csp) aryloxy group, a substituted or unsubstituted Cg-Cg (€.9. Cg-C3q) arylthio group, a substituted or
unsubstituted C4-Cg (€.9. C4-Cyq) heteroaryl group, a substituted or unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted monovalent non-aromatic condensed heteropolycyclic group, -Si(Q4)(Q5,)
(Qa), - B(Q4)(Qy), -N(Q1)(Qy). -P(Q4)(Qyp), -C(=0)(Q4), -S(=0)(Q), -S(=0)5(Qy), -P(=0)(Q4)(Qz), and -P(=S)(Q4)(Qy).
[0032] In one embodiment, R, to Rq may each independently be selected from:

hydrogen, deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino group,
ahydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a saltthereof, a
phosphoric acid group or a salt thereof, a C4-Cg (e.9. C4-Cyg) alkyl group, a C,-Cg (e.9. Co-C,) alkenyl group, a
C,-Cg (e.g. C,-Cyp) alkynyl group, a C4-Cg( (e.g. C4-C5q) alkoxy group, a phenyl group, a naphthyl group, a fluorenyl
group, a pyrenyl group, a phenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrazolyl group, an imidazolyl group, a benzimidazolyl group, a pyridinyl group, a pyrimidyl
group, a quinolinyl group, an isoquinolinyl group, a benzoquinolinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group,
a phenazinyl group, a triazinyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a biphenyl group, and a
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terphenyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a pyrenyl group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrazolyl group, an imidazolyl group, a benzimi-
dazolyl group, a pyridinyl group, a pyrimidyl group, a quinolinyl group, an isoquinolinyl group, a benzoquinolinyl group,
a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a biphenyl group, and a terphenyl group, each substituted with at least one selected from
deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a methyl group, an ethyl group, a propyl group,
an isobutyl group, a sec-butyl group, ter-butyl group, pentyl group, an isoamyl group, a hexyl group, a C4-Cgq (€.9.
C4-Cy) alkoxy group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a
cyclohexenyl group, a phenyl group, a naphthyl group, a fluorenyl group, a pyrenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrazolyl group, an
imidazolyl group, a benzimidazolyl group, a pyridinyl group, a pyrimidyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a biphenyl group, and a terphenyl group; and

-Si(Q,)(Q5)(Qg) and -P(=0)(Q4)(Qs), and

Q,4 to Qg may each independently be selected from:

a C4-C,q alkyl group, a C4-C,, alkoxy group, and a phenyl group; and

a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group, each substituted with at least one
selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a C4-C, (e.g. C4-C, ) alkyl
group, a C4-C, (e.g. C4-C,¢) alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl
group.

[0033] Forexample, R;to Rgmay each independently be selected from hydrogen, deuterium, -F, -Cl, -Br, -I, a hydroxyl
group, a cyano group, a C4-C,q alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, -Si(Q4)(Q5)(Qg), and -P(=0)(Q4)(Q;5), and

Q,4 to Qg may each independently be selected from:

a C4-C,q alkyl group, a C4-C,, alkoxy group, and a phenyl group; and
a phenyl group substituted with a C4-C, alkyl group, a biphenyl group, a terphenyl group, and a naphthyl group.

[0034] In one embodiment, the first compound may a compound represented by one selected from Formulae 1A, 1B,
and 1C:

Formula 1A
- X
; T/ 1\*{“
(Ridar— Ay DAy T (Rolaz
Xg N
NN
(Redaa—— Aa L AL —(Ry)u
- XB
Formula 1B
N
Ridar—— Ay iA, T (Roa
2 (Lo)po=(R7)a7
(Re)as—— As \ P As "ji;“““(ﬁe)ae
X
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Formula 1C

\, 5”‘””%(%2}832
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Xm\;.»"L‘\-\; -w"'j“»./xsz
bAa L A

..H””\,\
(R41)a41 (Raz)asz

[0035] In Formulae 1A, 1B, and 1C,

Xyto Xy, AjtoAg, Ly, Ly, b2, R toR; and a1 to a7 are the same as described herein in association with Formulae 1-1to
1-3,

X34 and X3, are each independently the same as described in connection with X5 in Formulae 1-1 to 1-3,

A5, and A, are each independently the same as described in connection with A, in Formulae 1-1 to 1-3,

A,4 and A, are each independently the same as described in connection with A, in Formulae 1-1 to 1-3,

R3¢ and R, are each independently the same as described in connection with R5 in Formulae 1-1 to 1-3,

R44 and Ry, are each independently the same as described in connection with R, in Formulae 1-1 to 1-3,

a31 and a32 are each independently the same as described in connection with a3 in Formulae 1-1 to 1-3, and
a41 and a42 are each independently the same as described in connection with a4 in Formulae 1-1 to 1-3.

[0036] In one embodiment, the first compound may be one selected from Compounds BH2 to BH28 (compound BH1
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BH17.

BH18
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Y Ry
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BH22

BH15
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D

BH16

BH19
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BH20
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Jn‘:c’,‘: ) ol CN:pr‘f“

BH25

BH26
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[0037] Because the first compound represented by Formula 1 may include a carbazole, dibenzofuran, dibenzothio-
phene, or fluorene structure, energy may be easily transferred to the second compound that is a dopant having a four-
coordinate metal complex compound with high T1 energy, and a device may be configured so that the balance of electron
and hole injection is well maintained, thereby increasing the lifespan and efficiency thereof.

[0038] Inanembodiment not forming part of the claimed invention, the second compound is represented by Formula 2:

(Ri4a)ats (L1adora—{L1gdp1a— (L1slo1s
\// '”\‘n_/(Rﬁ)aﬂ

Auw |} :'

Formula 2

Ay

N /TM

S Y11
~
[ Tia /
(L1a)ota /M”\ (Lt1)o11

:'; \ et
/‘-/ {L1zlb1z

(Rig)ats (Rizlasz
[0039] InFormula2, M, is selected from platinum (Pt), palladium (Pd), copper (Cu), silver (Ag), gold (Au), rhodium (Rh),

iridium (Ir), ruthenium (Ru), osmium (Os), titanium (Ti), zirconium (Zr), hafnium (Hf), europium (Eu), terbium (Tb), and
thulium (Tm).
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[0040] In one embodiment, in Formula 2, M4, may be selected from Pt, Pd, Cu, Ag, and Au.

[0041] For example, in Formula 2, My, may be Pt, but embodiments of the present disclosure are not limited thereto.
[0042] In Formula 2, A4, to A, are each independently selected from a C5-Cg, carbocyclic group, and a C4-Cg
heterocyclic group. For example, in Formula 2, A4, to A, may each independently be selected from a C5-C5 carbocyclic
group, and a C4-C, heterocyclic group. For example, in Formula 2, A, to A, may each independently be selected from a
C5-C, carbocyclic group, and a C4-C,, heterocyclic group.

[0043] Inoneembodiment, A, to A, may each independently be selected from a benzene ring, a naphthalene ring, an
anthracenering, a phenanthrenering, a triphenylene ring, a pyrenering, a chrysenering, a cyclopentadienering,a 1,2,3,4-
tetrahydronaphthalene ring, a furan ring, a thiophene ring, a silole ring, an indene ring, a fluorene ring, an indole ring, a
carbazole ring, a benzofuranring, a dibenzofuran ring, a benzothiophene ring, a dibenzothiophene ring, a benzosilole ring,
adibenzosilole ring, anindeno pyridine ring, an indolopyridine ring, a benzofuropyridine ring, a benzothienopyridinering, a
benzosilolopyridine ring, an indenopyrimidine ring, an indolopyrimidine ring, a benzofuropyrimidine ring, a benzothie-
nopyrimidine ring, a benzosilolopyrimidine ring, a dihydropyridine ring, a pyridine ring, a pyrimidine ring, a pyrazine ring, a
pyridazine ring, a triazine ring, a quinoline ring, an isoquinoline ring, a quinoxaline ring, a quinazoline ring, a phenanthroline
ring, a pyrrole ring, a pyrazole ring, animidazole ring, a 2,3-dihydroimidazole ring, a triazole ring, a 2,3-dihydrotriazole ring,
an oxazole ring, an isoxazole ring, a thiazole ring, an isothiazole ring, an oxadiazole ring, a thiadiazole ring, a
benzopyrazole ring, a benzimidazole ring, a 2,3-dihydrobenzimidazole ring, an imidazopyridine ring, a 2,3-dihydroimi-
dazopyridine ring, an imidazopyrimidine ring, a 2,3-dihydroimidazopyrimidine ring, an imidazopyrazine ring, a 2,3-
dihydroimidazopyrazine ring, a benzoxazole ring, a benzothiazole ring, a benzoxadiazole ring, a benzothiadiazole ring,
a 5,6,7,8-tetrahydroisoquinoline ring, and a 5,6,7,8-tetrahydroquinoline group ring.

[0044] Inoneor more embodiments, A,4to A, may each independently be represented by one selected from Formulae
2-1to 2-43:

Xa3
Xz N
Kz3 Ra1 Xoz. /\l i
I \ (R ) XZ? XZ?:’ XZS XZS/’ | R X21 //
—r=Rathoz1 | { | I — Rtk
Xo1. 2Xas Xo1q . Xas / I
Xz N Ry  Ryi N Rao X1 S
(Rat)n2z
2-1 2-2 2-3 2-4 2.5
Raz
/
ail M

(Raqdpaz Ras (Ra1)bas (Retluza

2-6 2-7 2-8 28

X3g

Roq
/

723 \ ng‘xz\:' X21“N\ X24“X§{:s N"X%\s
Xo7a / /Xzs X;{é N )(2{5 N /4\ Xog
3 Ro2 Ry ‘K{f' Ry Y.

Rao

2-10 2-11 212 213 2-14
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[0045] In Formulae 2-1 to 2-43,

X5 to X55 are each independently selected from C(R,,) and C-*, wherein at least two of X,, to X,5 are C-*,
Xo4is N-*, and X,5 and X, are each independently selected from C(R,,) and C-*, wherein atleast one of X,5 and Xog is
C-*,

X57 and X,g are each independently selected from N, N(R,5), and N-*, wherein X,q is selected from C(R,,4) and C-*,
provided that i) at least one of X,; and X,g is N-* and X,q is C-*, or i) X,7 and X,g are each N-* and X,q is C(Ry,),
R, to R,5 are each independently the same as described in connection with R4 in Formula 1,

b21 is selected from 1, 2, and 3,

b22 is selected from 1, 2, 3, 4, and 5,

b23 is selected from 1, 2, 3, and 4,

b24 is selected from 1 and 2, and

*indicates a binding site to a neighboring atom. For example, C-* represents a carbon atomin the ring structures of A 4
to A4, (represented by Formulae 2-1 to 2-43) thatis bonded to a neighboring atomincluded in a respective one of L ;4 to
L5

[0046] For example, A;; and A, in Formula 2 may each independently be selected from a pyrrole group, a pyrazole
group, an imidazole group, a 2,3-dihydroimidazole group, a triazole group, and a 2,3-dihydrotriazole group, but embodi-
ments of the present disclosure are not limited thereto.

[0047] In Formula 2, Y,, to Y4, are each independently N or C.

[0048] In one embodiment, in Formula 2,

Y41, Y42, @and Y, 3 may each be C, and Y, may be N;

Y41, Y12, @and Y4, may each be C, and Y3 may be N;

Y41, Y13, @and Y4, may each be C, and Y, may be N;

Y12, Y43, and Y4, may each be C, and Y, may be N;

Y44 and Y, may each be C, and Y, and Y3 may each be N;
Y44 and Y, may each be N, and Y, and Y3 may each be C;
Y41 and Y4, may each be C, and Y3 and Y, may each be N;
Y41 and Y4, may each be N, and Y3 and Y, may each be C;
Y41 and Y43 may each be C, and Y, and Y, may each be N; or
Y44 and Y3 may each be N, and Y, and Y, may each be C.
T44 to T44 in Formula 2 are each independently selected from a single bond, O, and S.

[0049] In one embodiment, in Formula 2,

each of T4, to T4, may be a single bond;

T4, may be selected from O and S, and T, to T,, may each be a single bond;

T4, may be selected from O and S, and T4, T43, and T4, may each be a single bond;
T,3 may be selected from O and S, and T44, T4,, and T, may each be a single bond; or
T44 may be selected from O and S, and T4, T4,, and T453 may each be a single bond.

[0050] L4, to L3 in Formula 2 are each independently selected from a single bond, *-O-*', *-S-*, *-C(R45)(R¢g)-*,
*-C(Ry5)=",*=C(R45)-*,*-C(R45)=C(R4g)-*, *-C(=0)-*", *-C(=8)-*, *-C=C-*', *-B(R45)-*, “-“N(R5)-*", *-P(R45)-*", *-Si(R45)
(Rqg)", -P(=0)(Ry5)(Ryg)-"', and *-Ge(R5)(R4g)-*"-

[0051] In one embodiment, L4, to L5 may each independently be selected from a single bond, *-O-*, *-S8-*', *-C(R45)
(Ryg)-, *-C(R4)=", *=C(R45)-", *-B(R45)-"", “N(R45)-, *-Si(R45)(R46)-*", and *-P(=0)(R5)(R4g)-"".

[0052] Inone or more embodiments, L4, may be *-N(R;5)-*', *-C(R45)(R4g)-*, or *-Si(R45)(R4¢)-*’, and Ry and R4 may
be linked to form a substituted or unsubstituted C;-Cg (e.g. C4-C5q) heterocyclic group,
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L1 may be *-N(R;5)-*, *-C(R45)(R4g)-*', or *-Si(R5)(R4g)-*', and R;5 and R, may be linked to form a substituted or
unsubstituted C4-Cgq (€.9. C4-Cyq) heterocyclic group, or

L1, may be *-N(R45)-*', *-C(R45)(R4g)-"", or *-Si(R45)(R46)-*"; and R45 and R3 may be linked to form a substituted or
unsubstituted C4-Cg (€.9. C4-Cyq) heterocyclic group.

[0053] Forexample, L, andL,5in Formula 2 may each independently be a single bond. For example, L4, in Formula 2
may be *-O-*, *-C(Ry5)(R4g)-*", *-B(Ry5)-", *-N(Ry5)-", *-Si(R45)(R4g)-*" and *-P(R;5)-*".

[0054] In Formula 2, b11 to b13 are each independently an integer from 0 to 3,

when b11is 0, A4 and A,, are not linked to each other, when b12is 0, A, and A, are not linked to each other, and when
b13is 0, Ay3 and A, are not linked to each other.

[0055] In one embodiment, b11, b12, and b13 may each independently be selected from 1, 2, and 3;

b11 may be 0, and b12 and b13 may each independently be selected from 0, 1, 2, and 3;
b12 may be 0, and b11 and b13 may each independently be selected from 0, 1, 2, and 3; or
b13 may be 0, and b11 and b12 may each independently be selected from 0, 1, 2, and 3.

[0056] In one or more embodiments, b11, b12, and b13 may each be 1;

b11 may be 0, and b12 and b13 may each independently be 0 or 1;
b12 may be 0, and b11 and b13 may each independently be 0 or 1; or
b13 may be 0, and b11 and b12 may each independently be 0 or 1.

[0057] Forexample, b11 may be 1,b12 may be 1, and b13 may be 1, but embodiments of the present disclosure are not
limited thereto.

[0058] In Formula 2, L, to L, are each independently selected from *-O-*, *-§-*, *-C(=0)-*', *-C(=S)-", *-B(R47)-*",
*-N(R47)-",*-P(R47)-", *-8i(R17)(R4g)-*", *-P(=0)(R47)(R45)-*, *-Ge(R7)(R4g)-*, a divalent C,-C,, hydrocarbon group, a
divalent C5-Cg (e.9. C5-C5g) carbocyclic group, and a divalent C,-Cg (e.9. C4-C,) heterocyclic group, and

b14 and b15 are each independently anintegerfrom 1to 5, and b16 isanintegerfrom 0 to 5, wherein, whenb16is0,Lgisa
single bond.

[0059] Inone embodiment, L4, and L5 may each independently be selected from *-O-*', *-S-*, *-C(=0)-*, *-C(=S)-*',
*B(R1g)-", *N(R4g)-*, *P(R4g)-, *-8i(R49)(Rog)-*’, *-P(=0)(R4g)(Rog)-*", *-Ge(R4g)(Ryp)-*’, and a divalent C,-C,,
hydrocarbon, and

Lig may be selected from a divalent C5-Cgy (e.9. C5-Csg) carbocyclic group and a divalent C4-Cg, (e.9. C4-Cyg)
heterocyclic group.

[0060] Inone or more embodiments, L4 and L5 may each independently be selected from *-O-*, *-S-*, *-N(R,g)-", a
C,-Cy (e.9. C5-C4() alkylene group, a C,-Cyq (e.9. C5-C4) alkenylene group, and a C,-Cyq (€.9. C5-C4() alkynylene
group,

R19 may be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl group, an
isoquinolinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl group, an
isoquinolinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group or a salt thereof, a C4-C, alkyl group, a C4-C, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, an azulenyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group, and a
triazinyl group,

L may be selected from a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group,
abenzofluorene group, a dibenzofluorene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene
group, a chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene
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group, a quinolinylene group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a
carbazolylene group, and a triazinylene group; and

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group, each substituted with at least one selected from deuterium, -F, -Cl, - Br, -1, a hydroxyl
group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a salt thereof, a
C4-Cyq alkyl group, a C4-C,q alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group

[0061] For example, in Formula 2, a moiety represented by *~(L14)p14-(L16)p16-(L15)p15-" May be represented by one
selected from Formulae 3-1 to 3-7:

N
A S A, ST AR SR S
34

31 32 35

# # * wi’ #* w’
T

35 1.5 3«

[0062] In Formulae 3-1 to 3-7, * and *’ each indicate a binding site to a neighboring atom.

[0063] Inanembodiment, in Formula 2, a moiety represented by *-(L14)p14-(L16)b16-(L15)p15-" May be represented by
one selected from Formulae 3-1 to 3-5.

[0064] In Formula 2, Ry4 to Ry, are each independently selected from:

hydrogen, deuterium, -F, -Cl, -Br, -, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a substituted or unsubstituted C;-Cg, (e.g. C4-C,q) alkyl group, a substituted or
unsubstituted C,-Cg (e.g. C5-Cyq) alkenyl group, a substituted or unsubstituted C,-Cg (€.9. C5-C5() alkynyl group,
a substituted or unsubstituted C4-Cg (€.9. C4-C5() alkoxy group, a substituted or unsubstituted C,-C,, cycloalkyl
group, a substituted or unsubstituted C4-C, heterocycloalkyl group, a substituted or unsubstituted C5-C, cycloalk-
enyl group, a substituted or unsubstituted C4-C,, heterocycloalkenyl group, a substituted or unsubstituted C4-Cg
(e.g9. Cg-Cyp) aryl group, a substituted or unsubstituted Cg-Cgy (e.g. C4-C3q) aryloxy group, a substituted or
unsubstituted Cg-Cg (e.9. C5-C3q) arylthio group, a substituted or unsubstituted C4-Cg (e.9. C4-C,q) heteroaryl
group, a substituted or unsubstituted C4-Cg (€.9. C4-C5() heteroaryloxy group, a substituted or unsubstituted C4-Cg
(e.g. C4-Cy) heteroarylthio group, a substituted or unsubstituted monovalent non-aromatic condensed polycyclic
group, a substituted or unsubstituted monovalent non-aromatic condensed heteropolycyclic group, -Si(Q4)(Q,)(Q3), -
B(Q;)(Qy), -N(Q)(Qy), -P(Q)(Qy), -C(=0)(Qy), -S(=0)(Qy), -8(=0),(Q;), -P(=0)(Q;)(Q,), and -P(=8)(Q;)(Q),
Rysand Ry4; Rysand Ry,; Rysand Ry3; or R 5 and Ry, are optionally be linked to form a substituted or unsubstituted
C5-Cg (e.g. C5-Cj) carbocyclic group or a substituted or unsubstituted C4-Cg (e.g9. C4-C5) heterocyclic group,
a11 to a14 are each independently an integer from 1 to 8.

[0065] In Formula 2, * and * each indicate a binding site to a neighboring atom.
[0066] In one embodiment, Ry; to R,y may each independently be selected from:

hydrogen, deuterium, -F, -Cl, -Br, -1, a cyano group, a C4-C, alkyl group, and a C4-C,, alkoxy group;
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aC;-C,palkylgroup and a C4-C, alkoxy group, each substituted with at least one selected from -F, -Cl, -Br, -I, acyano
group, a phenyl group, and a biphenyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl group, a phenyl
group, abiphenyl group, a terphenyl group, a pentalenyl group, anindenyl group, a naphthyl group, an azulenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentacenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, an indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, an isoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a benzoquinoxalinyl group, a quinazolinyl group, a benzoquinazolinyl group, a cinnolinyl group, a
phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a benzimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, a benzosilolyl group, a benzothiazolyl group, a benzoisothiazolyl
group, a benzoxazolyl group, a benzoisoxazolyl group, a triazolyl group, a tetrazolyl group, a thiadiazolyl group, an
oxadiazolyl group, a triazinyl group, a carbazolyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a
dibenzosilolyl group, a benzocarbazolyl group, a naphtho benzofuranyl group, a naphtho benzothiophenyl group, a
naphthobenzosilolyl group, a dibenzocarbazolyl group, a dinaphthofuranyl group, a dinaphtho thiophenyl group, a
dinaphtho silolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, an oxazolopyridinyl group, a
thiazolopyridinyl group, a benzonaphthyridinyl group, an azafluorenyl group, an azaspiro-bifluorenyl group, an
azacarbazolyl group, an azadibenzofuranyl group, an azadibenzothiophenyl group, an azadibenzosilolyl group,
an indeno pyrrolyl group, an indolopyrrolyl group, an indeno carbazolyl group, and an indolocarbazolyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl group, a phenyl
group, abiphenyl group, a terphenyl group, a pentalenyl group, anindenyl group, a naphthyl group, an azulenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentacenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, an indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, an isoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a benzoquinoxalinyl group, a quinazolinyl group, a benzoquinazolinyl group, a cinnolinyl group, a
phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a benzimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, a benzosilolyl group, a benzothiazolyl group, a benzoisothiazolyl
group, a benzoxazolyl group, a benzoisoxazolyl group, a triazolyl group, a tetrazolyl group, a thiadiazolyl group, an
oxadiazolyl group, a triazinyl group, a carbazolyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a
dibenzosilolyl group, a benzocarbazolyl group, a naphtho benzofuranyl group, a naphtho benzothiophenyl group, a
naphthobenzosilolyl group, a dibenzocarbazolyl group, a dinaphthofuranyl group, a dinaphtho thiophenyl group, a
dinaphtho silolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, an oxazolopyridinyl group, a
thiazolopyridinyl group, a benzonaphthyridinyl group, an azafluorenyl group, an azaspiro-bifluorenyl group, an
azacarbazolyl group, an azadibenzofuranyl group, an azadibenzothiophenyl group, an azadibenzosilolyl group,
an indeno pyrrolyl group, an indolopyrrolyl group, an indeno carbazolyl group, and an indolocarbazolyl group, each
substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a cyano group, a C4-C, alkyl group, a C;-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl
group, a phenyl group, a biphenyl group, a terphenyl group, a pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, an indacenyl group, an acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzo-
fluorenyl group, a dibenzofluorenyl group, a phenalenyl group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentacenyl group,
a pyrrolyl group, a thiophenyl group, a furanyl group, a silolyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl
group, anisothiazolyl group, an oxazolyl group, an isoxazolyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an indolyl group, anisoindolyl group, anindazolyl group, a purinyl group, a quinolinyl group,
anisoquinolinyl group, a benzoquinolinyl group, anisoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a benzoquinoxalinyl group, a quinazolinyl group, a benzoquinazolinyl group, a cinnolinyl group, a
phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a benzimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, a benzosilolyl group, a benzothiazolyl group, a benzoisothiazolyl
group, a benzoxazolyl group, a benzoisoxazolyl group, a triazolyl group, a tetrazolyl group, a thiadiazolyl group, an
oxadiazolyl group, a triazinyl group, a carbazolyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a
dibenzosilolyl group, a benzocarbazolyl group, a naphtho benzofuranyl group, a naphtho benzothiophenyl group, a
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naphthobenzosilolyl group, a dibenzocarbazolyl group, a dinaphthofuranyl group, a dinaphtho thiophenyl group, a
dinaphtho silolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, an oxazolopyridinyl group, a
thiazolopyridinyl group, a benzonaphthyridinyl group, an azafluorenyl group, an azaspiro-bifluorenyl group, an
azacarbazolyl group, an azadibenzofuranyl group, an azadibenzothiophenyl group, an azadibenzosilolyl group,
an indeno pyrrolyl group, an indolopyrrolyl group, an indeno carbazolyl group, an indolocarbazolyl group, - Si(Q3/)
(Q32)(Q33), -N(Q31)(Q32), 'B(Q31)(Q32)’ 'C(=O)(Q31)’ 'S(=O)(Q31), 'S(=O)2(Q31)1 - P(=O)(Q31)(Q32)1 and -P(=S)
(Q31)(Q3,); and

-Si(Q4)(Q2)(Q3), -B(Q1)(Qy), -N(Q1)(Qy), -P(Q4)(Qy), -C(=0)(Q), -S(=0)(Q,), - S(=0),(Qy), -P(=0)(Q4)(Q,), and
-P(=8)(Q;)(Q), and

Q, to Q3 and Q34 to Q353 may each independently be selected from hydrogen, deuterium, -F, -Cl, -Br, -, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a C4-Cgq (€.9. C4-Cy()
alkyl group, a C,-Cg (e.9. C5-Cyq) alkenyl group, a Co-Cg (e.9. C,-C,() alkynyl group, a C4-Cg (e.g. C4-C,) alkoxy
group, a C5-C,4 cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group, a C4-C,, hetero-
cycloalkenyl group, a Cg-Cg (6.9. C4-C3q) aryl group, a C4-Cgq (€.9. Cg-Csp) aryloxy group, a Cg-Cg (6.9. C5-Czq)
arylthio group, a C4-Cg (e.9. C4-Cyq) heteroaryl group, a C4-Cg (e.g9. C4-Cy) heteroaryloxy group, a C4-Cgq (e.9.
C4-Cyg) heteroarylthio group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic
condensed heteropolycyclic group, a C4-Cgq (€.9. C4-Cy) alkyl group substituted with at least one selected from
deuterium, -F, and a cyano group, a Cg-Cg (€.9. C4-C3q) aryl group substituted with at least one selected from
deuterium, -F, and a cyano group, a biphenyl group, and a terphenyl group.

[0067] For example, Ry to Ryy may each independently be selected from:

hydrogen, deuterium, -F, -Cl, -Br, -1, a cyano group, a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a sec-butyl group, and a tert-butyl group;

a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl
group, and a tert-butyl group, each substituted with at least one selected from deuterium, -F, -Cl, -Br, -l and a cyano
group; and

a phenyl group, a naphthyl group, and a pyridinyl group, but embodiments of the present disclosure are not limited
thereto.

[0068] At least one substituent of the substituted C5-C,4 cycloalkylene group, the substituted C4-C, heterocycloalk-
ylene group, the substituted C5-C,, cycloalkenylene group, the substituted C4-C,, heterocycloalkenylene group, the
substituted Cg-Cg (€.9. C4-C3q) arylene group, the substituted C4-Cg (€.g9. C4-Cy() heteroarylene group, the substituted
divalent non-aromatic condensed polycyclic group, the substituted divalent non-aromatic condensed heteropolycyclic
group, the substituted C,-Cg, (€.9. C4-C,() alkyl group, the substituted C,-Cg (€.g. C,-Co() alkenyl group, the substituted
C,-Cg (€.9. C5-Cy) alkynyl group, the substituted C4-Cgq (e.g. C4-C,() alkoxy group, the substituted C5-C 4 cycloalkyl
group, the substituted C,-C, heterocycloalkyl group, the substituted C5-C 4 cycloalkenyl group, the substituted C4-C,,
heterocycloalkenyl group, the substituted Cg-Cg (€.9. Cg-C3q) aryl group, the substituted Cg-Cg (€.9. C5-C3q) aryloxy
group, the substituted Cg-Cgq (e.9. C4-C3q) arylthio group, the substituted C,-Cgq (e.g. C4-Cy() heteroaryl group, the
substituted C4-Cgq (e.9. C4-C,() heteroaryloxy group, the substituted C,4-Cg, (e.g. C4-C,p) heteroarylthio group, the
substituted monovalent non-aromatic condensed polycyclic group, and the substituted monovalent non-aromatic con-
densed heteropolycyclic group is selected from:

deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C4-Cgq (€.9. C4-Cyq) alkyl group, a C,-Cgq (e.g. C,-Cy) alkenyl group, a C»-Cgq (€.9. C5-Cyq)
alkynyl group, and a C4-Cg (e.g. C4-C5) alkoxy group;

a C4-Cqq (e.9. C4-Cyp) alkyl group, a C,-Cgq (e.9. C,-Cy) alkenyl group, a C,-Cg (€.9. C,-Cyp) alkynyl group, and a
C4-Cgp (e.9. C4-C,q) alkoxy group, each substituted with at least one selected from deuterium, -F, -Cl, -Br, -1, a
hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a C3-C4
cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C,4 cycloalkenyl group, a C4-C, 4 heterocycloalkenyl group, a
Cg-Cgp (6.g9. C5-C3p) aryl group, a Cg-Cq (e.g. Cg-Csp) aryloxy group, a C4-Cgq (€.9. Cg-C4) arylthio group, a C4-Cgy
(e.g. C4-Cy) heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic
condensed heteropolycyclic group, -Si(Q41)(Q42)(Q43), - N(Q41)(Q452), -B(Q41)(Q45), -C(=0)(Q41), -S(=0),(Q44), and
-P(=0)(Q41)(Q4y);

a C5-C,4 cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C,¢ cycloalkenyl group, a C4-C, heterocycloalk-
enyl group, a C4-Cgq (e.g9. Cg-Csp) aryl group, a Cg-Cgq (e.g. Cg-C4p) aryloxy group, a Cg-Cg (e.9. C5-Cyg) arylthio
group, a C4-Cg, (e.g. C4-Cyq) heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a mono-
valent non-aromatic condensed heteropolycyclic group, a biphenyl group, and a terphenyl group;
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a C5-C,4 cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C,4¢ cycloalkenyl group, a C4-C, heterocycloalk-
enyl group, a C4-Cgq (e.g9. Cg-Csp) aryl group, a Cg-Cgq (e.g. Cg-C4g) aryloxy group, a Cg-Cg (e.9. C5-Cyq) arylthio
group, a C4-Cg (e.9. C4-C,() heteroaryl group, a monovalent non-aromatic condensed polycyclic group, and a
monovalent non-aromatic condensed heteropolycyclic group, each substituted with at least one selected from
deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C4-Cg (€.9. C4-C5q) alkyl group, a C,-Cg (e.g. C,-Cy) alkenyl group, a C5-Cgq (€.9. C5-Cyg)
alkynyl group, a C4-Cg (e.g. C4-C,) alkoxy group, a C5-C, cycloalkyl group, a C4-C,, heterocycloalkyl group, a
C5-C,5 cycloalkenyl group, a C4-C,, heterocycloalkenyl group, a C4-Cgq (e.9. C4-C3q) aryl group, a C4-Cqq (e.9.
Cg-C3p) aryloxy group, a Cg-Cg (e.g9. Cg-C4q) arylthio group, a C4-Cg (€.9. C4-C,() heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group (wherein a
carbazolyl group in the monovalent non-aromatic condensed heteropolycyclic group is excluded),-Si(Q,1)(Q2)(Q23),
-N(Q21)(Qgp), -B(Q21)(Qz2), -C(=0)(Qy1), -S(=0)»(Qy4), and - P(=0)(Q,4)(Qy,); and

-Si(Q1)(Q3;)(Qs3). “N(Qg1)(Qgz). -B(Q31)(Qag). “C(=0)(Qa1), -S(=0),(Qg+), and -P(=0)(Qs)(Qs), and

Q, to Q3, Q44 to Q43, Q4 to Q,3, and Q3 to Q54 are each independently selected from hydrogen, deuterium, -F, -Cl,
-Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a
C4-Cgq (e.g. C4-Cyq) alkyl group, a Co-Cgq (e.g. Co-Cog) alkenyl group, a C,-Cg( (€.9. C,-C,() alkynyl group, a C4-Cg
(e.g. C4-C,p) alkoxy group, a C5-C, 4 cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group,
a C4-C, heterocycloalkenyl group, a C¢-Cg (€.9. Cg-Csg) aryl group, a Cg-Cg (€.9. Cg-Csp) aryl group substituted
with a C4-Cg (e.g. C4-Cyq) alkyl group, a C4-Cgq (e.9. C4-Cs) aryl group substituted with a Cg-Cg (€.9. Cg-C3g) aryl
group, aterphenyl group, a C4-Cgg (€.9. C4-C5() heteroaryl group, a C4-Cgq (€.9. C4-Cyq) heteroaryl group substituted
witha C4-Cg (e.9. C4-Cyp) alkyl group, a C4-Cgq (e.g. C4-Cy) heteroaryl group substituted with a Cg-Cgq aryl group, a
monovalent non-aromatic condensed polycyclic group, and a monovalent non-aromatic condensed heteropolycyclic
group.

[0069] Inanembodimentinaccordance with the claimed invention, the second compound is represented by Formula 2A
or 2B:

Formula 2A

(L14)o1a—(L1g)b1s—(L15)b15

(R14)a14 Y3 Y23 (Rer)
ST 11)at1
R Y34 Y24 //Y, °
?2 :’ ‘,‘ ": 22
“‘ '-“\? H - ‘:
Y3t 1¢ /Y” Y24
AN
(L1a)o1a /Mﬂ\ (Lot
/713 T1< /

\ g (Li2do12

(R13)a13: ‘‘‘‘‘ - (Riz)ar2
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Formula 2B
(L1a)p1a—(Lig)p1s—(Lis)p1s
(R14)a14 y Yaa..
EiheNy Ya3
Yio TM Yas o~ Ritdars
; | a2
N e Y Yite o
Y31 M\ / Y41
T‘M\ T11 \
(L13)b13 /MH\ (L1
T1a Ti2
/ \
LY Yao T
POA T~ T A
3 (Lizgdo12 ;
Rats 7 (R12)at2 _

[0070] In Formulae 2A and 2B,

M1, A12, A3, Y11 10Y 4, T14t0 Ty, LyqtoLyg, b11t0b16, R4 to R4, and a11 to a14 are respectively defined the same
as those described above in connection with Formula 2,

Y5, to Y5, are each independently N or C,

Y34 to Y3, are each independently N or C, and

Y41 to Y5 are each independently N or C.

[0071] In one embodiment, the second compound represented by Formula 2 may be at least one compound selected
from Compounds BD1 to BD25:

N-N N=N NN NN NN NN N=~N NN N N
NN NN NN NN N N
A \ 2 W ~ 7 P [k 4 ¥ R ' 0 N 7 Y
Pt Pt Bt Pt
o 0 o] /sig o s{e: F o F
BD1 BD2 BbE3 BD4 BDS
m N-!;i r}-n
N N
L Sy /LNz
Pt Bt
7S 2N | N ONF ]
N, =z o S A%
BD6 BD7
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=N N=N Wi N~N - NN NN NN N=N N-N
A m “'\j Nl (N N' \N N! N
S N\ /N ) S 7 Z X 7 Z R \ 7 v X N 7 2
Pt Pt Pt Pt Pt
NG o} Ci 0 o o] o
BD11 BD42 BD13 BD14 BD15
N-N N=N N-N N=N N=N N-N N=N N=N Q
N N NN NN NN NN
X \ A N P NN ./ s R \/ o [ < 7 s
Pt Pt 2 P Pt
Ph o) Bh O o} gl o £ o CF4 Si;
PH PH
BD16 BDA7 BD18 BD19 BD20
N-N N=N N-N N-N m
N N N N NN
R N 4 N \ 7 - W N 7 4
Pt Pt Pt
BD21 BD22 BD23 BD24 BD25

[0072] Ph in Compounds BD1 to BD25 indicates a phenyl group.

[0073] The second compound represented by Formula 2 has a structure in which A, and A, 4 in Formula 2 are linked to
(e.g., linked by) a moiety represented by *-(L44)p14-(L1)p16-(L15)p15-" - The moiety has a macrocyclic structure in which
four or more carbon atoms are included in the main chain, or two or more carbon atoms and heteroatoms are included
therein, thereby increasing the structural rigidity of the second compound. Although not intended to be limited by any
particular theory, it is believed that interaction between metal atoms is inhibited or reduced due to the above-described
structural characteristics when the second compound is included in the organic layer of the organic light-emitting device,
thereby improving the stability and color purity of the organic light-emitting device.

[0074] Therefore, the organic light-emitting device including the second compound represented by Formula 2 may have
a low driving voltage, high current density, and high efficiency.

[0075] Inaddition, the second compound may emitblue light. For example, the organometallic compound may emit blue
light (bottom-emission CIEX,y color coordinates 0.14, 0.06 to 0.08) having a maximum emission wavelength of about 440
nm to about 495 nm, for example, a maximum emission wavelength of about 450 nm to about 471 nm, but embodiments of
the present disclosure are not limited thereto. Therefore, the organometallic compound represented by Formula 2 may be
usefully (e.g., suitably) utilized for manufacture an organic light-emitting device that emits deep blue light.

[0076] In one embodiment, the first compound and the second compound may each be included in the emission layer.
[0077] Inone or more embodiments, the emission layer may include a host and a dopant, the host may include the first
compound, and the dopant may include the second compound.

[0078] In one or more embodiments, the host may include (e.g., further include) a phosphine oxide-containing
compound, and the phosphine oxide-containing compound may be different from the first compound.

[0079] In one or more embodiments, the first compound and the second compound may be included in the emission
layer, and an amount of the first compound may be larger than an amount of the second compound.

[0080] In one embodiment, the first electrode may be an anode, the second electrode may be a cathode, the organic
layer may further include a hole transport region between the first electrode and the emission layer and an electron
transport region between the emission layer and the second electrode, the hole transport region may include at least one
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selected from a hole injection layer, a hole transport layer, a buffer layer, an emission auxiliary layer, and an electron
blocking layer, and the electron transport region may include at least one selected from a hole blocking layer, an electron
transport layer, and an electron injection layer.

[0081] Inoneembodiment, the hole transport region may include atleast one of a hole injection layer and a hole transport
layer, and at least one of the hole injection layer and the hole transport layer may include a p-dopant, or (the hole transport
region) may include a single film including the p-dopant.

[0082] In one or more embodiments, the electron transport region may include a hole blocking layer, and the hole
blocking layer may include a phosphine oxide-containing compound and/or a silyl-containing compound.

[0083] Inone embodiment, the phosphine oxide-containing compound included in the emission layer may be different
from the phosphine oxide-containing compound included in the hole blocking layer.

[0084] According to another embodiment, a flat-panel display apparatus includes: a thin film transistor including a
source electrode, a drain electrode, and an active layer; and the above-described organic light-emitting device, wherein
the first electrode of the organic light-emitting device is electrically connected to one of the source electrode and the drain
electrode of the thin film transistor.

[0085] The synthesis methods of the first compound represented by Formula 1 and the second compound represented
by Formula 2 may be recognizable by those of ordinary skill in the art by referring to Examples provided below.

[0086] At least one of the first compounds represented by Formula 1 and at least one of the second compounds
represented by Formula 2 are utilized between a pair of electrodes of the organic light-emitting device. For example, each
of the first compound and the second compound may be included in at least one of the emission layer and the electron
transportregion. In addition, the first compound and the second compound may be included in one organic layer, or may be
included in two different organic layers. For example, both the first compound and the second compound may be presentin
the emission layer; both the first compound and the second compound may be present in the electron transport region; or
the first compound may be present in the emission layer, and the second compound may be present in the electron
transport region, but embodiments of the present disclosure are not limited thereto.

[0087] Accordingly, there is provided an organic light-emitting device including: a first electrode; a second electrode
facing the first electrode; and an organic layer between the first electrode and the second electrode, the organic layer
including an emission layer, a first compound represented by Formula 1, and a second compound represented by Formula
1.

[0088] The expression "an (organic layer) includes a first compound" includes a case in which "an (organic layer)
includes afirst compound represented by Formula 1" and a case in which "an (organic layer) includes two or more different
first compounds, each represented by Formula 1."

[0089] For example, the organic layer may include, as the first compound, only Compound BH1. In this regard,
Compound BH1 exists only in the emission layer of the organic light-emitting device. In one or more embodiments,
the organic layer may include, as the heterocyclic compound, Compound BH1 and Compound BH2. In this regard,
Compound BH1 and Compound BH2 may exist in the same (i.e., an identical) layer (for example, Compound BH1 and
Compound BH2 may both exist in an emission layer), or different layers (for example, Compound BH1 may exist in an
emission layer and Compound BH2 may exist in an electron transport layer).

[0090] The expression "an (organic layer) includes a second compound" includes a case in which "an (organic layer)
includes a second compound represented by Formula 2" and a case in which "an (organic layer) includes two or more
different second compounds, each represented by Formula 2."

[0091] For example, the organic layer may include, as the second compound, only Compound BD1. In this regard,
Compound BD1 exists only in the emission layer of the organic light-emitting device. In one or more embodiments, the
organic layer may include, as the organometallic compound, Compound BD1 and Compound BD2. In this regard,
Compound BD1 and Compound BD2 may exist in the same (i.e., an identical) layer (for example, Compound BD1 and
Compound BD2 may both exist in an emission layer), or different layers (for example, Compound BD1 may exist in an
emission layer and Compound BD2 may exist in an electron transport layer).

[0092] The term "organic layer" used herein refers to a single layer and/or a plurality of layers disposed between the first
electrode and the second electrode of the organic light-emitting device. A material included in the "organic layer" is not
limited to an organic material.

Description of The Drawing

[0093] The drawingis a schematic view of an organic light-emitting device 10 according to an embodiment. The organic
light-emitting device 10 includes a first electrode 110, an organic layer 150, and a second electrode 190.

[0094] Hereinafter, the structure of the organic light-emitting device 10 according to an embodiment and a method of
manufacturing the organic light-emitting device 10 will be described in connection with the drawing.

[0095] In the drawing, a substrate may be additionally disposed under the first electrode 110 or above the second
electrode 190. The substrate may be a glass substrate or a plastic substrate, each having excellent mechanical strength,
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thermal stability, transparency, surface smoothness, ease of handling, and water resistance.
First electrode 110

[0096] The firstelectrode 110 may be formed by depositing or sputtering a material for forming the first electrode 110 on
the substrate. When the first electrode 110 is an anode, the material for the first electrode may be selected from materials
with a high work function to facilitate hole injection.

[0097] Thefirstelectrode 110 may be areflective electrode, a semi-transmissive electrode, or a transmissive electrode.
When the first electrode 110 is a transmissive electrode, a material for forming the first electrode may be selected from
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide (SnO,), zinc oxide (ZnO), and any combinations thereof, but
embodiments of the present disclosure are notlimited thereto. In one or more embodiments, when the firstelectrode 110 is
a semi-transmissive electrode or a reflectable electrode, a material for forming the first electrode may be selected from
magnesium (Mg), silver (Ag), aluminium (Al), aluminium-lithium (Al-Li), calcium (Ca), magnesium-indium (Mg-In),
magnesium-silver (Mg-Ag), and any combinations thereof, but embodiments of the present disclosure are not limited
thereto.

[0098] The first electrode 110 may have a single-layered structure, or a multi-layered structure including two or more
layers. For example, the first electrode 110 may have a three-layered structure of ITO/Ag/ITO, but the structure of the first
electrode 110 is not limited thereto.

[0099] The organiclayer 150 is disposed on the first electrode 110. The organic layer 150 may include an emission layer.

Organic layer 150

[0100] Theorganiclayermay 150includes anemission layer, wherein the emissionlayer comprises a hostand adopant,
the host comprises a first compound represented by Formula 1 and the dopant comprises a second compound
represented by Formula 2A or 2B.

[0101] The organic layer 150 may further include a hole transport region between the first electrode 110 and the
emission layer, and an electron transport region between the emission layer and the second electrode 190.

Hole transport region in organic layer 150

[0102] The hole transport region may have i) a single-layered structure including a single layer including a single
material, ii) a single-layered structure including a single layer including a plurality of different materials, oriii) a multi-layered
structure having a plurality of layers including a plurality of different materials.

[0103] The holetransportregion may include atleast one layer selected from a hole injection layer, a hole transport layer,
an emission auxiliary layer, and an electron blocking layer.

[0104] For example, the hole transport region may have a single-layered structure including a single layer including a
plurality of different materials, or a multi-layered structure having a hole injection layer/hole transport layer structure, a hole
injection layer/hole transport layer/emission auxiliary layer structure, a hole injection layer/emission auxiliary layer
structure, a hole transport layer/emission auxiliary layer structure, or a hole injection layer/hole transport layer/electron
blocking layer structure, wherein for each structure, constituting layers are sequentially stacked from the first electrode 110
in this stated order, but the structure of the hole transport region is not limited thereto.

[0105] The hole transport region may include at least one selected from m-MTDATA, TDATA, 2-TNATA, NPB (NPD), 8-
NPB, TPD, spiro-TPD, spiro-NPB, methylated-NPB, TAPC, HMTPD, 4,4’,4"-tris(N-carbazolyl)triphenylamine (TCTA),
polyaniline/dodecylbenzenesulfonic acid (PANI/DBSA), poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate)
(PEDOT/PSS), polyaniline/camphor sulfonic acid (PANI/CSA), polyaniline/poly(4-styrenesulfonate) (PANI/PSS), a com-
pound represented by Formula 201, and a compound represented by Formula 202:
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Spiro-TPD Spiro-NPB methylated NPB

Sopt g

TAPC HMTPD

Formula 201
(L202)xaz—Ra202
Ragr—{L2ot)xat™N
(L203}xa3—Rao3
Formula 202
Rag—{La01)xa1 (Lagalxaz—Rzo3
N—{L2os)xas—N
Rags—(k202)xa? {Looahxas—Ra04

[0106] In Formulae 201 and 202,

L,g4 to Lygs may each independently be selected from a substituted or unsubstituted C5-C, cycloalkylene group, a
substituted or unsubstituted C4-C,, heterocycloalkylene group, a substituted or unsubstituted C5-C, cycloalkeny-
lene group, a substituted or unsubstituted C,-C, heterocycloalkenylene group, a substituted or unsubstituted C¢-Cg,
(e.g. Cg-C5,) arylene group, a substituted or unsubstituted C4-Cg (€.9. C4-C5() heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group,

Logs may be selected from *-O-*, *-8-*, *-N(Q,q¢)-"', @ substituted or unsubstituted C;-C, alkylene group, a
substituted or unsubstituted C,-C, alkenylene group, a substituted or unsubstituted C5-C,, cycloalkylene group,
a substituted or unsubstituted C4-C,, heterocycloalkylene group, a substituted or unsubstituted C5-C, cycloalk-
enylene group, a substituted or unsubstituted C,-C, heterocycloalkenylene group, a substituted or unsubstituted
Ce-Cgp (e.9. Cg-C35) arylene group, a substituted or unsubstituted C4-Cgq (e.9. C4-Cy) heteroarylene group, a
substituted or unsubstituted divalent non-aromatic condensed polycyclic group, and a substituted or unsubstituted
divalent non-aromatic condensed heteropolycyclic group,

xa1l to xa4 may each independently be an integer from 0 to 3,

xa5 may be an integer from 1 to 10, and

Ryg1 to Rygy and Q,44 may each independently be selected from a substituted or unsubstituted C5-C, cycloalkyl
group, a substituted or unsubstituted C,-C, heterocycloalkyl group, a substituted or unsubstituted C5-C, cycloalk-
enyl group, a substituted or unsubstituted C4-C,, heterocycloalkenyl group, a substituted or unsubstituted Cg-Cg
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(e.g. Cg-Cs,) aryl group, a substituted or unsubstituted Cg-Cgy (e.g. C4-C3,) aryloxy group, a substituted or
unsubstituted Cg-Cg (e.9. C5-C3p) arylthio group, a substituted or unsubstituted C4-Cg (e.9. C4-C5q) heteroaryl
group, a substituted or unsubstituted monovalent non-aromatic condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed heteropolycyclic group.

[0107] For example, in Formula 202, R,y and Ry, may optionally be linked via a single bond, a dimethyl-methylene
group, oradiphenyl-methylene group, and R,3 and R, may optionally be linked via a single bond, a dimethyl-methylene
group, or a diphenyl-methylene group.

[0108] In one embodiment, in Formulae 201 and 202, L, to L,gs may each independently be selected from:

a phenylene group, a pentalenylene group, an indenylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphthylene group, a fluorenylene group, a spiro-bifluorenylene
group, a benzofluorenylene group, a dibenzofluorenylene group, a phenalenylene group, a phenanthrenylene group,
an anthracenylene group, a fluoranthenylene group, a triphenylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a perylenylene group, a pentaphenylene group, a hexace-
nylene group, a pentacenylene group, a rubicenylene group, a coronenylene group, an ovalenylene group, a
thiophenylene group, a furanylene group, a carbazolylene group, an indolylene group, an isoindolylene group, a
benzofuranylene group, a benzothiophenylene group, a dibenzofuranylene group, a dibenzothiophenylene group, a
benzocarbazolylene group, a dibenzocarbazolylene group, a dibenzosilolylene group, and a pyridinylene group; and
a phenylene group, a pentalenylene group, an indenylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphthylene group, a fluorenylene group, a spiro-bifluorenylene
group, a benzofluorenylene group, a dibenzofluorenylene group, a phenalenylene group, a phenanthrenylene group,
an anthracenylene group, a fluoranthenylene group, a triphenylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a perylenylene group, a pentaphenylene group, a hexace-
nylene group, a pentacenylene group, a rubicenylene group, a coronenylene group, an ovalenylene group, a
thiophenylene group, a furanylene group, a carbazolylene group, an indolylene group, an isoindolylene group, a
benzofuranylene group, a benzothiophenylene group, a dibenzofuranylene group, a dibenzothiophenylene group, a
benzocarbazolylene group, adibenzocarbazolylene group, a dibenzosilolylene group, and a pyridinylene group, each
substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl group, a phenyl group, a
biphenyl group, a terphenyl group, a phenyl group substituted with a C,-C, alkyl group, a phenyl group substituted
with -F, a pentalenyl group, an indenyl group, a naphthyl group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl group, a coronenyl group, an ovalenyl group, a thiophenyl
group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl group, a benzothio-
phenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a dibenzosilolyl group, a pyridinyl group, -Si(Q34)(Q35)(Q33), and -N(Qz4)(Q35,), and

Q34 to Q33 may each independently be selected from a C,-C, 4 alkyl group, a C4-C, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, and a naphthyl group.

[0109] In one or more embodiments, xa1 to xa4 may each independently be 0, 1, or 2.
[0110] In one or more embodiments, xa5 may be 1, 2, 3, or 4.
[0111] In one or more embodiments, R,y to Ry, and Q,4 may each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyrenyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a dibenzosilolyl group, and a pyridinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a phenalenyl group, a phenanthrenyl group, an anthracenyl
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group, a fluoranthenyl group, a triphenylenyl group, a pyrenyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a dibenzosilolyl group, and a pyridinyl group, each substituted
with at least one selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl group, a phenyl group, a biphenyl group,
a terphenyl group, a phenyl group substituted with a C,-C, alkyl group, a phenyl group substituted with -F, a
pentalenyl group, an indenyl group, a naphthyl group, an azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a naphthacenyl group, a picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, -Si(Q31)(Q32)(Q33), and -N(Q3)(Q35), and

Q34 to Q33 may respectively be defined the same as described above in connection with L,yg4 to Lygs.

[0112] Inone ormore embodiments, in Formula 201, atleast one selected from R,4 to R,53 may each independently be
selected from:

a fluorenyl group, a spiro-bifluorenyl group, a carbazolyl group, a dibenzofuranyl group, and a dibenzothiophenyl
group; and

a fluorenyl group, a spiro-bifluorenyl group, a carbazolyl group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a phenyl group substituted with a C4-C, alkyl group, a phenyl group
substituted with -F, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a carbazolyl group, a dibenzofuranyl
group, and a dibenzothiophenyl group;

but embodiments of the present disclosure are not limited thereto.

[0113] Inone ormore embodiments, in Formula 202, i) R,4 and Ry, may be linked via a single bond and/or i) Ry3 and
Rog4 may be linked via a single bond.
[0114] In one or more embodiments, in Formula 202, at least one selected from R4 to Ry, may be selected from:

a carbazolyl group; and

a carbazolyl group substituted with at least one selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C,, alkoxy
group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl group, a
phenyl group, a biphenyl group, a terphenyl group, a phenyl group substituted with a C4-C, alkyl group, a phenyl
group substituted with -F, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group;

but embodiments of the present disclosure are not limited thereto.

[0115] The compound represented by Formula 201 may be represented by Formula 201A:

Formula 201A

R215 R213

{l-202}xa2

= {L201)ar—N

(Loosdkas™Rzoz
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For example, the compound represented by Formula 201 may be represented by Formula 201A(1), but

embodiments of the present disclosure are not limited thereto:

[0117]

Formula 201A(1)

In one embodiment, the compound represented by Formula 201 may be represented by Formula 201A-1, but

embodiments of the present disclosure are not limited thereto:

[0118]

[0119]

Formula 201A-1
Ra1g
Rgq e

Roqy \ /

{L203}xas—Rz03

In one embodiment, the compound represented 202 by may be represented by Formula 202A:

I orn |U|a 202A
Ra1 RZ*!Z
[ \
I \\
R
/ \ = 216

/_

K
™

xas  Reod

In one or more embodiments, the compound represented 202 by may be represented by Formula 202A-1:
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Formula 202A-1

?211 R;\;u
aw NN
Ryys—1 \ l ~Raig
== =
-
/N i N
K/ xa5 ~ Ra04

Razoz

[0120] In Formulae 201A, 201A(1), 201A-1, 202A, and 202A-1,

Lygq toLygs, xa1toxa3, xad, and Ry, to R, may respectively be defined the same as described above in connection
with Formulae 201 and 202,
R,41 and R,4, may respectively be defined the same as described in connection with Rys.

[0121] R,4;to Ry;7 may each independently be selected from hydrogen, deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a
cyano group, a nitro group, anamidino group, a hydrazino group, a hydrazono group, a C4-C,q alkyl group, a C4-C, alkoxy
group, acyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclopentenyl group, a cyclohexenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a phenyl group substituted with a C4-C,, alkyl group, a phenyl group
substituted with -F, a pentalenyl group, an indenyl group, a naphthyl group, an azulenyl group, a heptalenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl group, a picenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, a pentacenyl group, a rubicenyl group, a coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl group, a benzothiophenyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzocarbazolyl group, a dibenzosilolyl
group, and a pyridinyl group.

[0122] The hole transport region may include at least one compound selected from Compounds HT1 to HT39, but
embodiments of the present disclosure are not limited thereto:

> ? ?
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[0123] A thickness of the hole transport region may be in a range of about 100 A to about 10,000 A, for example, about
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100 A to about 7000 A, about 100 A to about 5000 A, about 100 A to about 3000 A, or about 100 A to about 1,000 A. When
the hole transport region includes at least one of a hole injection layer and a hole transport layer, a thickness of the hole
injection layer may be in arange of about 100 A to about 9,000 A, for example, about 100 A to about 7,000 A, about 100 A to
about 5,000 A, about 100 A to about 3,000 A, about 100 A to about 2,000 A or about 100 A to about 1,000 A, and a thickness
of the hole transport layer may be in a range of about 50 A to about 2,000 A, for example about 100 A to about 1,500 A.
When the thicknesses of the hole transport region, the hole injection layer, and the hole transport layer are within these
ranges, satisfactory hole transporting characteristics may be obtained without a substantial increase in driving voltage.
[0124] The emission auxiliary layer may increase light-emission efficiency by compensating for an optical resonance
distance according to the wavelength of light emitted by an emission layer, and the electron blocking layer may block the
flow of electrons from an electron transport region. The emission auxiliary layer and the electron blocking layer may include
the materials as described above.

p-dopant

[0125] The hole transport region may further include, in addition to these materials, a charge-generation material for the
improvement of conductive properties. The charge-generation material may be homogeneously or non-homogeneously
dispersed in the hole transport region.

[0126] The charge-generation material may be, for example, a p-dopant.

[0127] In one embodiment, the p-dopant may have a lowest unoccupied molecular orbital (LUMO) level of -3.5 eV or
less.

[0128] The p-dopant may include at least one selected from a quinone derivative, a metal oxide, and a cyano group-
containing compound, but embodiments of the present disclosure are not limited thereto.

[0129] For example, the p-dopant may include at least one selected from:

a quinone derivative, such as tetracyanoquinodimethane (TCNQ) and 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquino-
dimethane (F4-TCNQ);

a metal oxide, such as tungsten oxide and molybdenum oxide;
1,4,5,8,9,12-hexaazatriphenylene-hexacarbonitrile (HAT-CN); and

a compound represented by Formula 221,

but embodiments of the present disclosure are not limited thereto:

HAT-CN F4-TCNQ
CN
cN l Ny
N _z N CN
Nl N/’ oN CN CN
N
CN - CN CN
CN F E
Formula 221
Raz1 CN

CN / \ Rzzg
Ryzz CN
[0130] In Formula 221,
Roo1 to Rypg may each independently be selected from a substituted or unsubstituted C5-C,, cycloalkyl group, a

substituted or unsubstituted C,-C, heterocycloalkyl group, a substituted or unsubstituted C5-C,, cycloalkenyl group,
a substituted or unsubstituted C,-C,, heterocycloalkenyl group, a substituted or unsubstituted Cg-Cg (€.9. C4-C35) aryl
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group, a substituted or unsubstituted C4-Cg (e.g. C4-C,) heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted or unsubstituted monovalent non-aromatic condensed
heteropolycyclic group, wherein at least one selected from Ry, to Ry3 may have at least one substituent selected from a
cyanogroup, -F, -Cl, -Br, -1, a C-C,q alkyl group substituted with -F, a C4-C, alkyl group substituted with -Cl, a C4-C,q alkyl
group substituted with -Br, and a C4-C, alkyl group substituted with -I.

Emission layer in organic layer 150

[0131] When the organic light-emitting device 10 is a full-color organic light-emitting device, the emission layer may be
patterned into a red emission layer, a green emission layer, or a blue emission layer, according to a sub-pixel. In one or
more embodiments, the emission layer may have a stacked structure of two or more layers selected from a red emission
layer, agreen emission layer, and a blue emission layer, in which the two or more layers contact each other or are separated
from each other. In one or more embodiments, the emission layer may include two or more materials selected from a red
light-emitting material, a green light-emitting material, and a blue light-emitting material, in which the two or more materials
are mixed with each other in a single layer to emit white light.

[0132] The emission layer comprises a hostand a dopant, the host comprises a first compound represented by Formula
1 and the dopant comprises a second compound represented by Formula 2A or 2B.

[0133] The dopant may include at least one selected from a phosphorescent dopant and a fluorescent dopant.
[0134] Forexample,the dopantmay include a phosphorescentdopant, and the phosphorescentdopant may include the
second compound.

[0135] Anamountofthe dopantinthe emission layer may be in arange of about0.01 parts by weight to about 15 parts by
weight based on 100 parts by weight of the host, but embodiments of the present disclosure are not limited thereto.
[0136] A thickness of the emission layer may be in a range of about 100 A to about 1,000 A, for example, about 100 A to
about 800 A, about 150 A to about 800 A, about 150 A to about 700 A, about 150 A to about 650 A, about 200 A to about 600
A or about 200 A to about 400 A. When the thickness of the emission layer is within this range, excellent light-emission
characteristics may be obtained without a substantial increase in driving voltage.

Host in emission layer

[0137] In one or more embodiments, the host may further include, in addition to the first compound, a compound
represented by Formula 301:

Formula 301 [Ar301)x011-(L301)xp1-R301lxb21-
[0138] In Formula 301,

Arsgq may be a substituted or unsubstituted C5-Cg carbocyclic group or a substituted or unsubstituted C4-Cg
heterocyclic group,

xb11 may be 1, 2, or 3,

L34 may be selected from a substituted or unsubstituted C5-C,, cycloalkylene group, a substituted or unsubstituted
C,-C4, heterocycloalkylene group, a substituted or unsubstituted C5-C, cycloalkenylene group, a substituted or
unsubstituted C4-C,, heterocycloalkenylene group, a substituted or unsubstituted C4-Cgq arylene group, a sub-
stituted or unsubstituted C4-Cg heteroarylene group, a substituted or unsubstituted divalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted divalent non-aromatic condensed heteropolycyclic
group,

xb1 may be an integer from 0 to 5,

R301 may be selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group,
a hydrazino group, a hydrazono group, a substituted or unsubstituted C4-Cg alkyl group, a substituted or unsub-
stituted C,-Cg alkenyl group, a substituted or unsubstituted C,-Cg alkynyl group, a substituted or unsubstituted
C,-Cgq alkoxy group, a substituted or unsubstituted C5-C, cycloalkyl group, a substituted or unsubstituted C4-C,,
heterocycloalkyl group, a substituted or unsubstituted C5-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubstituted Cg-Cg aryl group, a substituted or unsubstituted
Cg-Cg aryloxy group, a substituted or unsubstituted Cg-Cg arylthio group, a substituted or unsubstituted C,-Cg,
heteroaryl group, a substituted or unsubstituted monovalent non-aromatic condensed polycyclic group, a substituted
or unsubstituted monovalent non-aromatic condensed heteropolycyclic group, - Si(Q30¢)(Q302)(Q3g3), -N(Q301)
(Q302), -B(Q301)(Q302), -C(=0)(Q301), -S(=0)2(Q304), and - P(=0)(Q301)(Q302).

xb21 may be an integer from 1 to 5, and

Q3 to Q343 may each independently be selected froma C,-C,, alkyl group, a C4-C, 4 alkoxy group, a phenyl group, a
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biphenyl group, a terphenyl group, and a naphthyl group, but embodiments of the present disclosure are not limited
thereto.

[0139] For example, Aryy, may be a substituted or unsubstituted Cg-C4, carbocyclic group or a substituted or
unsubstituted C4-C,, heterocyclic group, but embodiments are not limited thereto.
[0140] In one embodiment, Aryg4 in Formula 301 may be selected from:

a naphthalene group, a fluorene group, a spiro-bifluorene group, a benzofluorene group, a dibenzofluorene group, a
phenalene group, a phenanthrene group, an anthracene group, a fluoranthene group, a triphenylene group, a pyrene
group, a chrysene group, a naphthacene group, a picene group, a perylene group, a pentaphene group, an
indenoanthracene group, a dibenzofuran group, and a dibenzothiophene group; and

a naphthalene group, a fluorene group, a spiro-bifluorene group, a benzofluorene group, a dibenzofluorene group, a
phenalene group, a phenanthrene group, an anthracene group, a fluoranthene group, a triphenylene group, a pyrene
group, a chrysene group, a naphthacene group, a picene group, a perylene group, a pentaphene group, an
indenoanthracene group, a dibenzofuran group, and a dibenzothiophene group, each substituted with at least
one selected from deuterium, - F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, - Si(Q34)(Q35)(Q33), -N(Q31)(Q35), -B(Q34)(Q35), -C(=0)(Q31), -S(=05(Q34), and -
P(=0)(Q34)(Q3,), and

Q34 to Q33 may each independently be selected from a C,-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, and a naphthyl group, but embodiments of the present disclosure are not limited
thereto.

[0141] When xb11 in Formula 301 is two or more, two or more Arsq(s) may be linked via a single bond.
[0142] Inone or more embodiments, the compound represented by Formula 301 may be represented by Formula 301-1
or 301-2:

30

35

40

45

50

55

Formula 301-1

(Lap1)xe1—R301

R3°3—‘“iL303)xb3'}m—Aw Voo Aaez_{‘(Laoz)xbz""Raoz 22

A
P P T

R311

Formula 301-2

§Lzm)xb1’_“ﬂzm

-/\,

R303’-*(L303)xb3%g;- Agzgy “, ;' A:oz E T Raz
A R R .. JPau
Rypi eeee’ \\/ 313 e
{ \ Asm"“‘{“(Lsnz beHRJOZ] ‘bz

wherein in Formulae 301-1 and 301-2,

Asgq to Azg, may each independently be selected from benzene, a naphthalene, a phenanthrene, a fluoranthene, a
triphenylene, a pyrene, a chrysene, a pyridine, a pyrimidine, an indene, a fluorene, a spiro-bifluorene, a benzo-
fluorene, a dibenzofluorene, an indole, a carbazole, benzocarbazole, dibenzocarbazole, a furan, a benzofuran, a
dibenzofuran, a naphthofuran, a benzonaphthofuran, dinaphthofuran, a thiophene, a benzothiophene, a dibenzothio-
phene, a naphthothiophene, a benzonaphthothiophene group, and a dinaphthothiophene group,

X301 may be O, S, or N-{(L3o4)xpa-Rao4l:

R314 to R34, may each independently be selected from hydrogen, deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy
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group, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group -Si(Q31)(Q32)(Q33), -N(Q31)(Q3,),
-B(Q31)(Q32), -C(=0)(Q31), -S(=0),(Q34), and -P(=0)(Q34)(Q3y),

xb22 and xb23 may each independently be 0, 1, or 2,

L3p1. Xb1, R394, and Q4 to Q35 may respectively be defined the same as described above in connection with Formula
301,

L3g, to L3gy may each independently be defined the same as described in connection with Ly,

xb2 to xb4 may each independently be defined the same as described in connection with xb1,

R302 to R3g4 may each independently be defined the same as described in connection with Ryg;.

[0143] For example, L4 to Lo, in Formulae 301, 301-1, and 301-2 may each independently be selected from: a
substituted or unsubstituted C5-C,, cycloalkylene group, a substituted or unsubstituted C4-C,, heterocycloalkylene
group, a substituted or unsubstituted C5-C, cycloalkenylene group, a substituted or unsubstituted C4-C,, heterocy-
cloalkenylene group, a substituted or unsubstituted C4-C5, arylene group, a substituted or unsubstituted C4-C,,
heteroarylene group, a substituted or unsubstituted divalent non-aromatic condensed polycyclic group, and a substituted
or unsubstituted divalent non-aromatic condensed heteropolycyclic group, but embodiments are not limited thereto.
[0144] For example, in Formulae 301, 301-1, and 301-2, L34 to Lo, may each independently be selected form:

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-bifluorenylene group, a benzofluorenylene
group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a fluoranthenylene group,
atriphenylenylene group, a pyrenylene group, a chrysenylene group, a perylenylene group, a pentaphenylene group,
ahexacenylene group, a pentacenylene group, a thiophenylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofuranylene group, a benzothiophenylene group, a dibenzofur-
anylene group, a dibenzothiophenylene group, a benzocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imidazolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isoxazolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene group, a phthalazinylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cinnolinylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group, a benzimidazolylene group, an isobenzothiazolylene
group, a benzoxazolylene group, an isobenzoxazolylene group, a triazolylene group, a tetrazolylene group, an
imidazopyridinylene group, an imidazopyrimidinylene group, and an azacarbazolylene group; and

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-bifluorenylene group, a benzofluorenylene
group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a fluoranthenylene group,
atriphenylenylene group, a pyrenylene group, a chrysenylene group, a perylenylene group, a pentaphenylene group,
ahexacenylene group, a pentacenylene group, a thiophenylene group, afuranylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofuranylene group, a benzothiophenylene group, a dibenzofur-
anylene group, a dibenzothiophenylene group, a benzocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imidazolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isoxazolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene group, a phthalazinylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cinnolinylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group, a benzimidazolylene group, an isobenzothiazolylene
group, a benzoxazolylene group, an isobenzoxazolylene group, a triazolylene group, a tetrazolylene group, an
imidazopyridinylene group, an imidazopyrimidinylene group, and an azacarbazolylene group, each substituted with
atleast one selected from deuterium, -F, -Cl, -Br, -, a hydroxyl group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
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group, a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, an azacarbazolyl group, -Si(Q54)
(Q32)(Q33), -N(Q31)(Q32). - B(Q31)(Q32), -C(=0)(Q31), -S(=0),(Q31), and -P(=0)(Q31)(Q35), and
Q34 to Q33 may respectively be defined the same as described above in connection with Formula 301.

[0145] Asanother example, Ry, to Ryg4 in Formulae 301, 301-1, and 301-2 may each independently be selected from:
deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono
group, a substituted or unsubstituted C4-Cg (e.g. C4-C) alkyl group, a substituted or unsubstituted C,-Cg (€.9. C5-C1()
alkenyl group, a substituted or unsubstituted C,-Cg, (€.9. C5,-C4g) alkynyl group, a substituted or unsubstituted C;-Cg
(e.g. C4-C4,) alkoxy group, a substituted or unsubstituted C5-C,, cycloalkyl group, a substituted or unsubstituted C4-C,,
heterocycloalkyl group, a substituted or unsubstituted C5-C, cycloalkenyl group, a substituted or unsubstituted C4-C,
heterocycloalkenyl group, a substituted or unsubstituted C¢-C5 aryl group, a substituted or unsubstituted Cg-C5 aryloxy
group, a substituted or unsubstituted C4-Cs arylthio group, a substituted or unsubstituted C4-C, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic condensed polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic group, -Si(Q34)(Q302)(Q303), -N(Q301)(Q302), - B(Q301)(Q302).
-C(=0)(Q301), -S(=0)5(Q304), and -P(=0)(Q3(1)(Q302), but embodiments are not limited thereto.

[0146] Inone embodiment,in Formulae 301, 301-1, and 301-2, R3¢ to R34 may each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group,
atriphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, adibenzofuranyl group, a dibenzothiophenyl group, abenzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl group,
a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, and an azacarbazolyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group,
atriphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, abenzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl group,
a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, and an azacarbazolyl group, each
substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group,
an amidino group, a hydrazino group, a hydrazono group, a C4-C,q alkyl group, a C4-C, alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group, a pentacenyl
group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl
group, an isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, an azacarbazolyl group, -Si(Q54)
(Q32)(Qz3), -N(Q31)(Q3p), - B(Q31)(Q3p), -C(=0)(Q34), -S(=0),(Q34), and -P(=0)(Q31)(Q3,), and

Q4 to Q353 may respectively be defined the same as described above in connection with Formula 301.
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[0147] Inone or more embodiments, the host may include an alkaline earth metal complex. For example, the host may
include a complex selected from a Be complex (for example, Compound H55), a Mg complex, and a Zn complex. For
example, the host may be selected from a Be complex (for example, Compound H55), a Mg complex, and a Zn complex.
[0148] The host may include at least one selected from 9,10-di(2-naphthyl)anthracene (ADN), 2-methyl-9,10-
bis(naphthalen-2-yl)anthracene (MADN), 9,10-di-(2-naphthyl)-2-t-butyl-anthracene (TBADN), 4,4’-bis(N-carbazo-
lyl)-1,1’-biphenyl (CBP), 1,3,5-tri(carbazol-9-yl)benzene (TCP), and Compounds H1 to H55, but embodiments of the
present disclosure are not limited thereto:
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Phosphorescent dopant included in emission layer in organic layer 150

[0149] The phosphorescent dopant may include the second compound.
[0150] The phosphorescent dopant may include an organometallic complex represented by Formula 401 below:

Formula 401 M(L401)%c1(Lag2)xc2
Formula 402
"*:}/‘.‘(Rdm)xcﬂ
L A
R0z
“aor Ng
-
405 !
}5194'6 Xsa6
Agoz 0
{Rao2)xc12

[0151] In Formulae 401 and 402,

M may be selected from iridium (Ir), platinum (Pt), palladium (Pd), osmium (Os), titanium (Ti), zirconium (Zr), hafnium
(Hf), europium (Eu), terbium (Tb), rhodium (Rh), and thulium (Tm),

L,04 may be selected from ligands represented by Formula 402, and xc1 may be 1, 2, or 3, wherein, when xc1 is two or
more, two or more L,44(s) may be identical to or different from each other,

L4, may be an organic ligand, and xc2 may be an integer from 0 to 4, wherein, when xc2 is two or more, two or more
L4go(s) may be identical to or different from each other,

X401 t0 X404 may each independently be nitrogen or carbon;

X401 and X493 may be linked via a single bond or a double bond, and X4, and X5, may be linked via a single bond ora
double bond,

A491 and A4y, may each independently be a C5-Cgqj (e.g. C5-C3q) carbocyclic group or a C4-Cg, (e.g. C4-Cy)
heterocyclic group,
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X405 Mmay be a single bond, *-O-*, *-8-*, *-C(=0)-"", *-N(Q411)-", *-C(Q411)(Q412)-"", *-C(Q411)=C(Q412)-"", *-C(Qq441)
=", 0r*=C(Q44¢)="", wherein Q,, and Q44, may be hydrogen, deuterium, a C,-C, alkyl group, a C4-C, alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, or a naphthyl group,

X406 May be a single bond, O, or S,

R,01 and Ryg, may each independently be selected from hydrogen, deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a substituted or unsubstituted
C4-C,, alkyl group, a substituted or unsubstituted C,-C,, alkoxy group, a substituted or unsubstituted C5-C,,
cycloalkyl group, a substituted or unsubstituted C,-C, heterocycloalkyl group, a substituted or unsubstituted C5-C,,
cycloalkenyl group, a substituted or unsubstituted C4-C,, heterocycloalkenyl group, a substituted or unsubstituted
Ce-Cg (e.9. Cg-C4p) aryl group, a substituted or unsubstituted Cg-Cg (e.g. Cg-C5g) aryloxy group, a substituted or
unsubstituted Cg-Cg (€.9. Cg-Cs) arylthio group, a substituted or unsubstituted C4-Cgq (e.g. C4-Cyq) heteroaryl
group, a substituted or unsubstituted monovalent non-aromatic condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed heteropolycyclic group, -Si(Q01)(Q402)(Q403), “N(Q401)(Q402)s
-B(Q491)(Q4q2), -C(=0)(Q4p4), -S(=0),(Q4q1), and -P(=0)(Q401)(Q4q2), Wherein Qgqq to Q403 may each indepen-
dently be selected from a C4-C, alkyl group, a C4-C,, alkoxy group, a C5-C, aryl group, and a C4-C, heteroaryl
group,

xc11 and xc12 may each independently be an integer from 0 to 10, and

*and * in Formula 402 each indicate a binding site to M of Formula 401.

[0152] Inoneembodiment,in Formula402,A,,,and A,y, may eachindependently be selected from a benzene group, a
naphthalene group, a fluorene group, a spiro-bifluorene group, an indene group, a pyrrole group, a thiophene group, a
furan group, an imidazole group, a pyrazole group, a thiazole group, an isothiazole group, an oxazole group, an isoxazole
group, a pyridine group, a pyrazine group, a pyrimidine group, a pyridazine group, a quinoline group, an isoquinoline group,
a benzoquinoline group, a quinoxaline group, a quinazoline group, a carbazole group, a benzimidazole group, a
benzofuran group, a benzothiophene group, an isobenzothiophene group, a benzoxazole group, an isobenzoxazole
group, a triazole group, a tetrazole group, an oxadiazole group, a triazine group, a dibenzofuran group, and a
dibenzothiophene group.

[0153] Inone or more embodiments, in Formula 402, i) X444 may be nitrogen, and X,4, may be carbon, or ii) X444 and
X400 May each be nitrogen at the same time.

[0154] In one or more embodiments, in Formula 402, R4, and R4, may each independently be selected from:

hydrogen, deuterium, -F, -Cl, -Br, -, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C4-C, alkyl group, and a C4-C,, alkoxy group;

a C,4-C, alkyl group and a C4-C, alkoxy group, each substituted with at least one selected from deuterium, -F, -Cl,
-Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a
phenyl group, a naphthyl group, a cyclopentyl group, a cyclohexyl group, an adamantanyl group, a norbornanyl group,
and a norbornenyl group;

a cyclopentyl group, a cyclohexyl group, an adamantanyl group, a norbornanyl group, a norbornenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, a dibenzofuranyl group, and a dibenzothiophenyl group;

a cyclopentyl group, a cyclohexyl group, an adamantanyl group, a norbornanyl group, a norbornenyl group a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, a dibenzofuranyl group, and a dibenzothiophenyl group, each
substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a cyclopentyl
group, a cyclohexyl group, an adamantanyl group, a norbornanyl group, a norbornenyl group, a phenyl group, a
biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, a dibenzofuranyl group, and a dibenzothiophenyl group; and
-Si(Q401)(Qu02)(Q403): -N(Q401)(Qq02), -B(Qq01)(Qs02), -C(=0)(Q401), - S(=0)2(Q401), and -P(=0)(Q401)(Q40), and
Q01 to Q43 may eachindependently be selected froma C,-C 4 alkyl group, a C4-C, 4 alkoxy group, a phenyl group, a
biphenyl group, and a naphthyl group, but embodiments of the present disclosure are not limited thereto.

[0155] Inone or more embodiments, in Formula 401, when xc1 is two or more, two A,4(s) among a plurality of L454(s)

may optionally be linked via a linking group, X,q7, or two A44,(s) may optionally be linked via a linking group, X,y (see
Compounds PD1 to PD4 and PD7). X,47 and X,og may each independently be a single bond, *-O-*, *-S-*, *-C(=0)-*,
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*-N(Qy413)-", *-C(Q413)(Qy14)-"", OF *-C(Q413)=C(Quq4)-*" (Wherein Q445 and Q4,4 may each independently be hydrogen,
deuterium, a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group or a naphthyl
group), but embodiments of the present disclosure are not limited thereto.

[0156] L, in Formula 401 may be a monovalent, divalent, or trivalent organic ligand. For example, L4y, may be
selected from halogen, diketone (for example, acetylacetonate), carboxylic acid (for example, picolinate), -C(=0),
isonitrile, -CN, and phosphorus (for example, phosphine, or phosphite), but embodiments of the present disclosure
are not limited thereto.

[0157] Inoneor more embodiments, the phosphorescent dopant may be selected from, for example, Compounds PD1
to PD25, but embodiments of the present disclosure are not limited thereto:

PO21 PD25
Fluorescent dopant in emission layer

[0158] The fluorescent dopant may include an arylamine compound and/or a styrylamine compound.
[0159] The fluorescent dopant may include a compound represented by Formula 501:

Formula 501

{Lsotdear™Rso1
ArsprT—{ksoalxaa—N

(Lsgalxaz—Rsoz
xdd
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[0160] In Formula 501,

Arggq may be a substituted or unsubstituted C5-Cg, carbocyclic group or a substituted or unsubstituted C4-Cg
heterocyclic group,

Lsg1 to Lsg3 may each independently be selected from a substituted or unsubstituted C5-C,4 cycloalkylene group, a
substituted or unsubstituted C4-C, heterocycloalkylene group, a substituted or unsubstituted C5-C, cycloalkeny-
lene group, a substituted or unsubstituted C,-C, heterocycloalkenylene group, a substituted or unsubstituted C¢-Cgy,
(e.g. Cg-C4p) arylene group, a substituted or unsubstituted C4-Cg (€.9. C4-C5() heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group,

xd1 to xd3 may each independently be an integer from 0 to 3;

Rso1 and Ry, may each independently be selected from a substituted or unsubstituted C5-C, cycloalkyl group, a
substituted or unsubstituted C4-C, ; heterocycloalkyl group, a substituted or unsubstituted C5-C o cycloalkenyl group,
a substituted or unsubstituted C,-C, heterocycloalkenyl group, a substituted or unsubstituted C¢-Cg, (€.9. Cg-C3p)
aryl group, a substituted or unsubstituted Cg-Cg (€.g. Cg-C5) aryloxy group, a substituted or unsubstituted Cg-Cg
(e.g. C4-C4p) arylthio group, a substituted or unsubstituted C4-Cg (e.g. C4-Co) heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycyclic group, and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, and

xd4 may be an integer from 1 to 6.

[0161] For example, Arsy; may be a substituted or unsubstituted Cs-C5, carbocyclic group or a substituted or
unsubstituted C,-C, heterocyclic group, but embodiments are not limited thereto.
[0162] In one embodiment, Arsy, in Formula 501 may be selected from:
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a naphthalene group, a heptalene group, a fluorene group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene group, an anthracene group, a fluoranthene group, a
triphenylene group, a pyrene group, a chrysene group, a naphthacene group, a picene group, a perylene group, a
pentaphene group, an indenoanthracene group, and an indenophenanthrene group; and

a naphthalene group, a heptalene group, a fluorene group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene group, an anthracene group, a fluoranthene group, a
triphenylene group, a pyrene group, a chrysene group, a naphthacene group, a picene group, a perylene group, a
pentaphene group, an indenoanthracene group, and an indenophenanthrene group, each substituted with at least
one selected from deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C4-C,, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, and a naphthyl group.

[0163] In one or more embodiments, Lgy to Lgys in Formula 501 may each independently be selected from:

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-bifluorenylene group, a benzofluorenylene
group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a fluoranthenylene group,
atriphenylenylene group, a pyrenylene group, a chrysenylene group, a perylenylene group, a pentaphenylene group,
ahexacenylene group, a pentacenylene group, a thiophenylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofuranylene group, a benzothiophenylene group, a dibenzofur-
anylene group, a dibenzothiophenylene group, a benzocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, and a pyridinylene group; and

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-bifluorenylene group, a benzofluorenylene
group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a fluoranthenylene group,
atriphenylenylene group, a pyrenylene group, a chrysenylene group, a perylenylene group, a pentaphenylene group,
ahexacenylene group, a pentacenylene group, a thiophenylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofuranylene group, a benzothiophenylene group, a dibenzofur-
anylene group, a dibenzothiophenylene group, a benzocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, and a pyridinylene group, each substituted with at least one selected from deuterium, -F,
-Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a
C-C,, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pentacenyl group, a thiophenyl group, a furanyl group, a carbazolyl
group, anindolyl group, an isoindolyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group,
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a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzocarbazolyl group, a dibenzosilolyl group, and a
pyridinyl group.

[0164] In one or more embodiments, in Formula 501, Rgy4 and Rsy, may each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group,
atriphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzosilolyl group, and a pyridinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group,
atriphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, adibenzofuranyl group, a dibenzothiophenyl group, abenzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzosilolyl group, and a pyridinyl group, each substituted with at least one
selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group, a pentacenyl group, a thiophenyl group,
a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzocarbazolyl group, a
dibenzosilolyl group, a pyridinyl group, and - Si(Q31)(Q3,)(Q33), and

Q34 to Q33 may each independently be selected from a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, and a naphthyl group.

[0165] In one or more embodiments, xd4 in Formula 501 may be 2, but embodiments of the present disclosure are not
limited thereto.
[0166] For example, the fluorescent dopant may be selected from Compounds FD1 to FD22:
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FD17

[0167] In one or more embodiments, the fluorescent dopant may be selected from the following compounds, but
embodiments of the present disclosure are not limited thereto.
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Electron transport region in organic layer 150

[0168] The electron transport region may have i) a single-layered structure including a single layer including a single
material, i) a single-layered structure including a single layer including a plurality of different materials, oriii) a multi-layered
structure having a plurality of layers including a plurality of different materials.

[0169] The electron transport region may include at least one selected from a buffer layer, a hole blocking layer, an
electron control layer, an electron transport layer, and an electron injection layer, but embodiments of the present
disclosure are not limited thereto.

[0170] Forexample, the electron transportregion may have an electron transportlayer/electron injection layer structure,
a hole blocking layer/electron transport layer/electron injection layer structure, an electron control layer/electron transport
layer/electron injection layer structure, or a buffer layer/electron transport layer/electron injection layer structure, wherein
for each structure, constituting layers are sequentially stacked from an emission layer. However, embodiments of the
structure of the electron transport region are not limited thereto.

[0171] The electron transport region (for example, a buffer layer, a hole blocking layer, an electron control layer, or an
electron transport layer in the electron transport region) may include a metal-free compound containing at least one n
electron-depleted nitrogen-containing ring.

[0172] The term " electron-depleted nitrogen-containing ring" refers to a C4-Cg( (e.g. a C4-C5() heterocyclic group
having at least one *-N=*' moiety as a ring-forming moiety.

[0173] For example, the " electron-depleted nitrogen-containing ring" may be i) a 5-membered to 7-membered
heteromonocyclic group having at least one *-N="" moiety, ii) a heteropolycyclic group in which two or more 5-membered
to 7-membered heteromonocyclic groups each having at least one *-N=*" moiety are condensed with each other, or iii) a
heteropolycyclic group in which at least one of 5-membered to 7-membered heteromonocyclic groups, each having at
least one *-N=*" moiety, is condensed with at least one C5-Cg (e.g. a C5-C3) carbocyclic group.

[0174] Examples of the n electron-depleted nitrogen-containing ring include an imidazole, a pyrazole, a thiazole, an
isothiazole, an oxazole, an isoxazole, a pyridine, a pyrazine, a pyrimidine, a pyridazine, an indazole, a purine, a quinoline,
an isoquinoline, a benzoquinoline, a phthalazine, a naphthyridine, a quinoxaline, a quinazoline, a cinnoline, a phenan-
thridine, an acridine, a phenanthroline, a phenazine, a benzimidazole, an isobenzothiazole, a benzoxazole, an iso-
benzoxazole, a triazole, a tetrazole, an oxadiazole, a triazine, thiadiazole, an imidazopyridine, an imidazopyrimidine, and
an azacarbazole, but embodiments of the present disclosure are not limited thereto.

[0175] For example, the electron transport region may include a compound represented by Formula 601:

Formula 601 [Ar6o1lxe117{(L601)xe1 R0 1lxe21-
[0176] In Formula 601,
Argoq may be a substituted or unsubstituted C5-Cg carbocyclic group or a substituted or unsubstituted C4-Cg
heterocyclic group,

xe11 may be 1, 2, or 3,
Lgoq may be selected from a substituted or unsubstituted C5-C, cycloalkylene group, a substituted or unsubstituted
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C,-C,, heterocycloalkylene group, a substituted or unsubstituted C5-C, cycloalkenylene group, a substituted or
unsubstituted C4-C,, heterocycloalkenylene group, a substituted or unsubstituted C4-Cgq arylene group, a sub-
stituted or unsubstituted C;-Cg heteroarylene group, a substituted or unsubstituted divalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted divalent non-aromatic condensed heteropolycyclic
group,

xe1 may be an integer from 0 to 5,

Rgo1 may be selected from a substituted or unsubstituted C5-C, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubstituted C5-C,, cycloalkenyl group, a substituted or unsub-
stituted C4-C,4, heterocycloalkenyl group, a substituted or unsubstituted Cg-Cg, aryl group, a substituted or
unsubstituted Cg-Cgq aryloxy group, a substituted or unsubstituted Cg-Cg arylthio group, a substituted or unsub-
stituted C4-Cg( heteroaryl group, a substituted or unsubstituted monovalent non-aromatic condensed polycyclic
group, a substituted or unsubstituted monovalent non-aromatic condensed heteropolycyclic group, - Si(Qgg1)(Qgg2)
(Qgo3): -C(=0)(Qgp1), -S(=0),(Qgp4), and -P(=0)(Qgn1)(Qgp2), and

Qgo1 to Qg3 May each independently be a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, or a naphthyl group, and

xe21 may be an integer from 1 to 5.

[0177] Inone embodiment, atleast one of Argg4(s) in the number of xe11 and Rgg4(s) in the number of xe21 may include
the m electron-depleted nitrogen-containing ring.

[0178] For example, Argg; may be a substituted or unsubstituted C5-C5, carbocyclic group or a substituted or
unsubstituted C4-C, heterocyclic group, but embodiments are not limited thereto.

[0179] In one embodiment, in Formula 601, ring Argy, may be selected from:

a benzene group, a naphthalene group, a fluorene group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene group, an anthracene group, a fluoranthene group, a
triphenylene group, a pyrene group, a chrysene group, a naphthacene group, a picene group, a perylene group, a
pentaphene group, an indenoanthracene group, a dibenzofuran group, a dibenzothiophene group, a carbazole
group, an imidazole group, a pyrazole group, a thiazole group, an isothiazole group, an oxazole group, an isoxazole
group, a pyridine group, a pyrazine group, a pyrimidine group, a pyridazine group, an indazole group, a purine group, a
quinoline group, an isoquinoline group, a benzoquinoline group, a phthalazine group, a naphthyridine group, a
quinoxaline group, a quinazoline group, a cinnoline group, a phenanthridine group, an acridine group, a phenanthro-
line group, a phenazine group, a benzimidazole group, an isobenzothiazole group, a benzoxazole group, an
isobenzoxazole group, a triazole group, a tetrazole group, an oxadiazole group, a triazine group, a thiadiazole
group, an imidazopyridine group, an imidazopyrimidine group, and an azacarbazole group; and

a benzene group, a naphthalene group, a fluorene group, a spiro-bifluorene group, a benzofluorene group, a
dibenzofluorene group, a phenalene group, a phenanthrene group, an anthracene group, a fluoranthene group, a
triphenylene group, a pyrene group, a chrysene group, a naphthacene group, a picene group, a perylene group, a
pentaphene group, an indenoanthracene group, a dibenzofuran group, a dibenzothiophene group, a carbazole
group, an imidazole group, a pyrazole group, a thiazole group, an isothiazole group, an oxazole group, an isoxazole
group, a pyridine group, a pyrazine group, a pyrimidine group, a pyridazine group, an indazole group, a purine group, a
quinoline group, an isoquinoline group, a benzoquinoline group, a phthalazine group, a naphthyridine group, a
quinoxaline group, a quinazoline group, a cinnoline group, a phenanthridine group, an acridine group, a phenanthro-
line group, a phenazine group, a benzimidazole group, an isobenzothiazole group, a benzoxazole group, an
isobenzoxazole group, a triazole group, a tetrazole group, an oxadiazole group, a triazine group, a thiadiazole
group, an imidazopyridine group, an imidazopyrimidine group, and an azacarbazole group, each substituted with at
least one selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C4-C,q alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, -Si(Q34)(Q35)(Q33), -S(=0)»(Q34), and -P(=0)(Q31)(Q3,), and

Q34 to Q33 may each independently be selected from a C,-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, and a naphthyl group.

[0180] When xe11 in Formula 601 is two or more, two or more Argqy4(S) may be linked via a single bond.

[0181] In one or more embodiments, Argy4 in Formula 601 may be an anthracene group.
[0182] In one or more embodiments, the compound represented by 601 may be represented by Formula 601-1:
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Formula 601-1
(Le11)xes11—Rg11

X614 \xs15

Rg13—(Ls13)xes13 Xg16  (Let2dxest2—Re1z
[0183] In Formula 601-1,

Xg14may be Nor C(Rgq4), Xg15 may be N or C(Rg45), and Xg16 may be N or C(Rg46), Wherein atleast one selected from
Xe14 t0 Xg1g may be N,

Lg11 to Lg13 may each independently be defined the same as described in connection with Lgg,,

xe611 to xe613 may each independently be defined the same as described in connection with xe1,

Rg14 to Rgq3 may each independently be defined the same as described in connection with Rgq4, and

Rg14 to Rgqg may each independently be selected from hydrogen, deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a C4-C,, alkyl group, a C4-C, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group.

[0184] For example, Lggq and Lgq4 to Lgy5 in Formulae 601 and 601-1 may each independently be selected from: a
substituted or unsubstituted C5-C,, cycloalkylene group, a substituted or unsubstituted C;-C,, heterocycloalkylene
group, a substituted or unsubstituted C5-C, cycloalkenylene group, a substituted or unsubstituted C4-C,, heterocy-
cloalkenylene group, a substituted or unsubstituted C4-C5, arylene group, a substituted or unsubstituted C4-C,,
heteroarylene group, a substituted or unsubstituted divalent non-aromatic condensed polycyclic group, and a substituted
or unsubstituted divalent non-aromatic condensed heteropolycyclic group, but embodiments are not limited thereto.

[0185] Inone embodiment, Lgy, and Lgqq to Lg43in Formulae 601 and 601-1 may each independently be selected from:

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-bifluorenylene group, a benzofluorenylene
group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a fluoranthenylene group,
atriphenylenylene group, a pyrenylene group, a chrysenylene group, a perylenylene group, a pentaphenylene group,
ahexacenylene group, a pentacenylene group, a thiophenylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofuranylene group, a benzothiophenylene group, a dibenzofur-
anylene group, a dibenzothiophenylene group, a benzocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imidazolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isoxazolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene group, a phthalazinylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cinnolinylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group, a benzimidazolylene group, an isobenzothiazolylene
group, a benzoxazolylene group, an isobenzoxazolylene group, a triazolylene group, a tetrazolylene group, an
imidazopyridinylene group, an imidazopyrimidinylene group, and an azacarbazolylene group; and

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-bifluorenylene group, a benzofluorenylene
group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a fluoranthenylene group,
atriphenylenylene group, a pyrenylene group, a chrysenylene group, a perylenylene group, a pentaphenylene group,
ahexacenylene group, a pentacenylene group, a thiophenylene group, a furanylene group, a carbazolylene group, an
indolylene group, an isoindolylene group, a benzofuranylene group, a benzothiophenylene group, a dibenzofur-
anylene group, a dibenzothiophenylene group, a benzocarbazolylene group, a dibenzocarbazolylene group, a
dibenzosilolylene group, a pyridinylene group, an imidazolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isoxazolylene group, a thiadiazolylene group, an oxadiazolylene
group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group, a triazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene group, a phthalazinylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cinnolinylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group, a benzimidazolylene group, an isobenzothiazolylene
group, a benzoxazolylene group, an isobenzoxazolylene group, a triazolylene group, a tetrazolylene group, an
imidazopyridinylene group, an imidazopyrimidinylene group, and an azacarbazolylene group, each substituted with
atleast one selected from deuterium, -F, -Cl, -Br, -, a hydroxyl group, a cyano group, a nitro group, an amidino group, a

47



10

15

20

25

30

35

40

45

50

55

EP 3 537 495 B1

hydrazino group, a hydrazono group, a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group, a pentacenyl group, a
thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, and an azacarbazolyl group;
but embodiments of the present disclosure are not limited thereto.

[0186] Inone or more embodiments, xe1 and xe611 to xe613 in Formulae 601 and 601-1 may each independently be 0,
1, or 2.

[0187] For example, Rgy¢ and Rgy4 to Rgq5 in Formulae 601 and 601-1 may each independently be selected from: a
substituted or unsubstituted C5-C,, cycloalkyl group, a substituted or unsubstituted C;-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C, 4 cycloalkenyl group, a substituted or unsubstituted C4-C,y heterocycloalkenyl group, a
substituted or unsubstituted Cg-Csq aryl group, a substituted or unsubstituted Cg-C5, aryloxy group, a substituted or
unsubstituted Cg-Cs arylthio group, a substituted or unsubstituted C,-C, heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group, a substituted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group, - Si(Qgq1)(Qg02)(Qgg3): -C(=0)(Qgg4), -S(=0),5(Qgg4), and -P(=0)(Qgo1)(Qgg2)-

[0188] In one or more embodiments, in Formulae 601 and 601-1, Rgo4 and Rg44 to Rg43 may each independently be
selected from:

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group,
atriphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl group,
a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, and an azacarbazolyl group;

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group,
atriphenylenyl group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group,
a pentacenyl group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl group,
a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, and an azacarbazolyl group, each
substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group,
anamidino group, a hydrazino group, a hydrazono group, a C-C,qalkyl group, a C4-C,g alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a perylenyl group, a pentaphenyl group, a hexacenyl group, a pentacenyl
group, a thiophenyl group, a furanyl group, a carbazolyl group, an indolyl group, an isoindolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a
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dibenzocarbazolyl group, a dibenzosilolyl group, a pyridinyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl
group, an isothiazolyl group, an oxazolyl group, an isoxazolyl group, a thiadiazolyl group, an oxadiazolyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a triazinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a
benzimidazolyl group, an isobenzothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an imidazopyridinyl group, an imidazopyrimidinyl group, and an azacarbazolyl group; and
-S5(=0),(Qgp4) and -P(=0)(Qgg1)(Qg02), and

Qgp41 and Qgy, may respectively be defined the same as described above.

[0189] The electron transport region may include at least one compound selected from Compounds ET1 to ET36, but
embodiments of the present disclosure are not limited thereto:

ET1

ET7 ET8
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ET28 ET29 ET30
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ET34 ET35 ET36

[0190] Inoneormore embodiments, the electron transportregion may include atleast one compound selected from 2,9-
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dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP), 4,7-diphenyl-1,10-phenanthroline (Bphen), Alqs, BAlq, 3-(biphenyl-4-
yl)-5-(4-tert-butylphenyl)-4-phenyl-4H-1,2,4-triazole (TAZ), and NTAZ.

' ;/7 ) =R
K qg\ NN
L S OO
\, A
Algs BAig TAZ

NTAZ

[0191] Athickness of the buffer layer, the hole blocking layer, or the electron control layer may be in a range of about 20 A
to about 1,000 A, for example, about 20 A to about 700 A, about 20 A to about 500 A, about 20 A to about 400 A, about 30 A
to about 400 A or about 30 A to about 300 A. When the thicknesses of the buffer layer, the hole blocking layer, and the
electron control layer are within these ranges, the electron blocking layer may have excellent electron blocking
characteristics or electron control characteristics without a substantial increase in driving voltage.

[0192] A thickness of the electron transport layer may be in a range of about 100 A to about 1,000 A, for example, about
100 A to about 700 A, about 100 A to about 600 A, about 150 A to about 600 A, about 150 A to about 500 A or about 250 A to
about 350 A. When the thickness of the electron transport layer is within the range described above, the electron transport
layer may have satisfactory electron transport characteristics without a substantial increase in driving voltage.

[0193] The electron transport region (for example, the electron transport layer in the electron transport region) may
further include, in addition to the materials described above, a metal-containing material.

[0194] The metal-containing material may include at least one selected from alkali metal complex and alkaline earth-
metal complex. The alkali metal complex may include a metal ion selected from a Liion, aNaion, aKion,aRbion,andaCs
ion, and the alkaline earth-metal complex may include a metal ion selected from a Be ion,aMgion, a Caion, a Srion,and a
Ba ion. A ligand coordinated with the metal ion of the alkali metal complex or the alkaline earth-metal complex may be
selected from a hydroxy quinoline, a hydroxy isoquinoline, a hydroxy benzoquinoline, a hydroxy acridine, a hydroxy
phenanthridine, a hydroxy phenyloxazole, a hydroxy phenylthiazole, a hydroxy diphenyloxadiazole, a hydroxy diphe-
nylthiadiazole, a hydroxy phenylpyridine, a hydroxy phenylbenzimidazole, a hydroxy phenylbenzothiazole, a bipyridine, a
phenanthroline, and a cyclopentadiene, but embodiments of the present disclosure are not limited thereto.

[0195] Forexample, the metal-containing material may include a Li complex. The Li complex may include, for example,
Compound ET-D1 (lithium quinolate, LiQ) or ET-D2.

N s}
., /
Li
ET-D1 ET-D2

[0196] The electron transport region may include an electron injection layer that facilitates injection of electrons from the
second electrode 190. The electron injection layer may directly contact the second electrode 190.

[0197] The electron injection layer may have i) a single-layered structure including a single layer including a single
material, ii) a single-layered structure including a single layer including a plurality of different materials, oriii) a multi-layered
structure having a plurality of layers including a plurality of different materials.
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[0198] The electroninjection layer may include an alkali metal, an alkaline earth metal, arare earth metal, an alkali metal
compound, an alkaline earth-metal compound, a rare earth metal compound, an alkali metal complex, an alkaline earth-
metal complex, a rare earth metal complex, or any combinations thereof.

[0199] The alkali metal may be selected from Li, Na, K, Rb, and Cs. In one embodiment, the alkali metal may be Li, Na, or
Cs. In one or more embodiments, the alkali metal may be Li or Cs, but embodiments of the present disclosure are not
limited thereto.

[0200] The alkaline earth metal may be selected from Mg, Ca, Sr, and Ba.

[0201] The rare earth metal may be selected from Sc, Y, Ce, Tb, Yb, and Gd.

[0202] The alkali metal compound, the alkaline earth-metal compound, and the rare earth metal compound may be
selected from oxides and halides (for example, fluorides, chlorides, bromides, or iodides) of the alkali metal, the alkaline
earth-metal, and the rare earth metal.

[0203] The alkali metal compound may be selected from alkali metal oxides (such as Li,O, Cs,0, or K,0), and alkali
metal halides (such as LiF, NaF, CsF, KF, Lil, Nal, Csl, KI, or Rbl). In one embodiment, the alkali metal compound may be
selected from LiF, Li,O, NaF, Lil, Nal, Csl, and KI, but embodiments of the present disclosure are not limited thereto.
[0204] The alkaline earth-metal compound may be selected from alkaline earth-metal compounds, such as BaO, SrO,
Ca0, Ba,Sr,_,0 (0<x<1), or Ba,Ca,_O (0<x<1). In one embodiment, the alkaline earth-metal compound may be selected
from BaO, SrO, and CaO, but embodiments of the present disclosure are not limited thereto.

[0205] The rare earth metal compound may be selected from YbF 3, ScF5, ScO3, Y,04, Ce,05, GdF5, and TbF5. Inone
embodiment, the rare earth metal compound may be selected from YbF;, ScFj, TbFj, Ybls, Sclz, and Tbls, but
embodiments of the present disclosure are not limited thereto.

[0206] The alkali metal complex, the alkaline earth-metal complex, and the rare earth metal complex may include anion
of alkali metal, alkaline earth-metal, and rare earth metal as described above, and a ligand coordinated with a metal ion of
the alkali metal complex, the alkaline earth-metal complex, or the rare earth metal complex may be selected from hydroxy
quinoline, hydroxy isoquinoline, hydroxy benzoquinoline, hydroxy acridine, hydroxy phenanthridine, hydroxy phenylox-
azole, hydroxy phenylthiazole, hydroxy diphenyloxadiazole, hydroxy diphenylthiadiazole, hydroxy phenylpyridine, hydro-
xy phenylbenzimidazole, hydroxy phenylbenzothiazole, bipyridine, phenanthroline, and cyclopentadiene, but embodi-
ments of the present disclosure are not limited thereto.

[0207] The electron injection layer may include (e.g., consist of) an alkali metal, an alkaline earth metal, a rare earth
metal, an alkali metal compound, an alkaline earth-metal compound, a rare earth metal compound, an alkali metal
complex, an alkaline earth-metal complex, a rare earth metal complex, or any combinations thereof, as described above.
In one or more embodiments, the electron injection layer may further include an organic material. When the electron
injection layer further includes an organic material, an alkali metal, an alkaline earth metal, a rare earth metal, an alkali
metal compound, an alkaline earth-metal compound, a rare earth metal compound, an alkali metal complex, an alkaline
earth-metal complex, a rare earth metal complex, or any combinations thereof may be homogeneously or non-homo-
geneously dispersed in a matrix including the organic material.

[0208] Athickness of the electron injection layer may be in arange of about 1 A to about 100 A, for example, about 3 A to
about 90 A or about 3 A to about 20 A. When the thickness of the electron injection layer is within the range described
above, the electron injection layer may have satisfactory electron injection characteristics without a substantial increase in
driving voltage.

Second electrode 190

[0209] The second electrode 190 may be disposed on the organic layer 150 having such a structure. The second
electrode 190 may be a cathode which is an electron injection electrode, and in this regard, a material for forming the
second electrode 190 may be selected from metal, an alloy, an electrically conductive compound, and a combination
thereof, which have a relatively low work function.

[0210] The second electrode 190 may include at least one selected from lithium (Li), silver (Ag), magnesium (Mg),
aluminium (Al), aluminium-lithium (Al-Li), calcium (Ca), magnesium-indium (Mg-In), magnesium-silver (Mg-Ag), ITO, and
120, but embodiments of the present disclosure are not limited thereto. The second electrode 190 may be a transmissive
electrode, a semi-transmissive electrode, or a reflective electrode.

[0211] The second electrode 190 may have a single-layered structure, or a multi-layered structure including two or more
layers.

[0212] Hereinbefore, the organic light-emitting device has been described with reference to the drawing, but embodi-
ments of the present disclosure are not limited thereto.

[0213] Layers constituting the hole transport region, the emission layer, and layers constituting the electron transport
region may be formed in a certain region utilizing one or more suitable methods selected from vacuum deposition, spin
coating, casting, Langmuir-Blodgett (LB) deposition, ink-jet printing, laser-printing, and laser-induced thermal imaging.
[0214] When layers constituting the hole transport region, the emission layer, and layers constituting the electron
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transport region are formed by vacuum deposition, the deposition may be performed at a deposition temperature of about
100 °C to about 500 °C, a vacuum degree of about 10-8 torr to about 10-3 torr, and a deposition speed of about 0.01 A/sec to
about 100 A/sec by taking into account a material to be included in a layer to be formed, and the structure of a layer to be
formed.

[0215] When layers constituting the hole transport region, the emission layer, and layers constituting the electron
transport region are formed by spin coating, the spin coating may be performed at a coating speed of about 2,000 rpm to
about 5,000 rpm and at a heat treatment temperature of about 80°C to about 200°C by taking into account a material to be
included in a layer to be formed, and the structure of a layer to be formed.

[0216] A flat display apparatus according to another aspect of the present disclosure may include: the organic light-
emitting device and a transistor, wherein the transistor includes a source electrode, a drain electrode, a gate electrode, and
an activation layer, and the first electrode of the organic light-emitting device is electrically connected to at least one of the
source electrode and the drain electrode of the transistor.

[0217] The activation layer of the transistor may be modified to an amorphous silicon layer, a crystalline silicon layer, an
organic semiconductive layer, or an oxide semiconductive layer.

[0218] Such aflatdisplay may prevent or reduce red and green emission in a black state, thereby improving brightness-
dependent emission efficiency.

General definition of substituents

[0219] The term "C4-Cg, alkyl group" as used herein refers to a linear or branched aliphatic saturated hydrocarbon
monovalent group having 1 to 60 carbon atoms, and examples thereof include a methyl group, an ethyl group, a propyl
group, an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, an isoamyl group, and a hexyl group. The
term "C4-Cgq alkylene group” as used herein refers to a divalent group having the same structure as the C-Cg alkyl group.
Corresponding definitions apply to other ranges given for the number of carbon atoms in an alkyl/alkylene group.
[0220] Theterm"C,-Cgqalkenyl group"as used hereinrefers to a hydrocarbon group having atleast one carbon-carbon
double bond in the middle or at the terminus of the C,-Cg, alkyl group, and examples thereof include an ethenyl group, a
propenyl group, and a butenyl group. The term "C,-Cg alkenylene group” as used herein refers to a divalent group having
the same structure as the C,-Cg alkenyl group. Corresponding definitions apply to other ranges given for the number of
carbon atoms in an alkenyl/alkenylene group.

[0221] Theterm"C,-Cgqqalkynyl group” as used herein refers to a hydrocarbon group having at least one carbon-carbon
triple bond in the middle or at the terminus of the C,-Cg alkyl group, and examples thereof include an ethynyl group, and a
propynyl group. The term "C,-Cg alkynylene group” as used herein refers to a divalent group having the same structure as
the C,-Cgq alkynyl group. Corresponding definitions apply to other ranges given for the number of carbon atoms in an
alkynyl/alkynylene group.

[0222] The term "C,-Cg4 alkoxy group" as used herein refers to a monovalent group represented by -OA, 4, (wherein
A,o1 represents the C4-Cg, alkyl group), and examples thereof include a methoxy group, an ethoxy group, and an
isopropyloxy group. Corresponding definitions apply to other ranges given for the number of carbon atoms in an alkoxy
group.

[0223] The term "C5-C,, cycloalkyl group” as used herein refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 10 carbon atoms, and examples thereof include a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, and a cycloheptyl group. The term "C5-C, cycloalkylene group" as used herein refers to a
divalent group having the same structure as the C5-C, cycloalkyl group.

[0224] Theterm"C,-C,,heterocycloalkyl group" as used herein refers to amonovalent monocyclic group having atleast
one heteroatom selected from N, O, Si, P, and S as a ring-forming atom in addition to 1 to 10 carbon atoms, and examples
thereof include a 1,2,3,4-oxatriazolidinyl group, a tetrahydrofuranyl group, and a tetrahydrothiophenyl group. The term
"C4-C40 heterocycloalkylene group" as used herein refers to a divalent group having the same structure as the C;-C,,
heterocycloalkyl group.

[0225] The term "C5-C, cycloalkenyl group" as used herein refers to a monovalent monocyclic group that has 3 to 10
carbon atoms and at least one carbon-carbon double bond in the ring thereof and no aromaticity, and examples thereof
include a cyclopentenyl group, a cyclohexenyl group, and a cycloheptenyl group. The term "C5-C, cycloalkenylene
group” as used herein refers to a divalent group having the same structure as the C5-C, cycloalkenyl group.

[0226] Theterm"C,-C,qheterocycloalkenyl group" as used herein refers to a monovalent monocyclic group that has at
leastone heteroatom selected from N, O, Si, P, and S as aring-forming atom in addition to 1 to 10 carbon atoms, and atleast
one carbon-carbon double bond in its ring. Non-limiting examples of the C4-C heterocycloalkenyl group include a 4,5-
dihydro-1,2,3,4-oxatriazolyl group, a 2,3-dihydrofuranyl group, and a 2,3-dihydrothiophenyl group. The term "C4-C,,
heterocycloalkenylene group" as used herein refers to a divalent group having the same structure as the C,-C,,
heterocycloalkenyl group.

[0227] Theterm "Cg-Cqqaryl group” as used herein refers to a monovalent group having a carbocyclic aromatic system
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having 6 to 60 carbon atoms, and the term "Cg-Cg arylene group" as used herein refers to a divalent group having a
carbocyclic aromatic system having 6 to 60 carbon atoms. Non-limiting examples of the C¢-Cg aryl group include a phenyl
group, a naphthyl group, an anthracenyl group, a phenanthrenyl group, a pyrenyl group, and a chrysenyl group. When the
Cg-Cgp aryl group and the C4-Cg arylene group each include two or more rings, the rings may be fused to each other.
Corresponding definitions apply to other ranges given for the number of carbon atoms in an aryl/arylene group.
[0228] The term "C4-Cgqq heteroaryl group" as used herein refers to a monovalent group having a carbocyclic aromatic
system that has atleast one heteroatom selected fromN, O, Si, P, and S as aring-forming atom, in addition to 1 to 60 carbon
atoms. The term "C4-Cg heteroarylene group" as used herein refers to a divalent group having a carbocyclic aromatic
systemthathas atleast one heteroatom selected fromN, O, Si, P,and S as a ring-forming atom, in addition to 1 to 60 carbon
atoms. Non-limiting examples of the C4-Cg, heteroaryl group include a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinolinyl group, and an isoquinolinyl group. When the C,-Cg, heteroaryl
group and the C4-Cg, heteroarylene group each include two or more rings, the rings may be condensed with each other.
Corresponding definitions apply to other ranges given for the number of carbon atoms in an heteroaryl/heteroarylene
group.

[0229] The term "C4-Cgq aryloxy group” as used herein indicates -OA,, (Wherein A;q, represents the Cg-Cg aryl
group), and the term "Cg-Cg arylthio group” as used herein indicates -SA,y3 (Wherein A4 represents the Cg-Cg aryl
group). Corresponding definitions apply to other ranges given for the number of carbon atoms in an aryloxy group and an
arylthio group.

[0230] The term "monovalent non-aromatic condensed polycyclic group" as used herein refers to a monovalent group
(forexample, having 8 to 60 carbon atoms) having two or more rings condensed with each other, only carbon atoms as ring-
forming atoms, and no aromaticity in its entire molecular structure. A non-limiting example of the monovalent non-aromatic
condensed polycyclic group is a fluorenyl group. The term "divalent non-aromatic condensed polycyclic group" as used
herein refers to a divalent group having the same structure as the monovalent non-aromatic condensed polycyclic group.
[0231] The term "monovalent non-aromatic condensed heteropolycyclic group" as used herein refers to a monovalent
group (for example, having 1 to 60 carbon atoms) having two or more rings condensed to each other, at least one
heteroatom selected from N, O, Si, P, and S, other than carbon atoms, as a ring-forming atom, and no aromaticity in its
entire molecular structure. An example of the monovalent non-aromatic condensed heteropolycyclic group is a carbazolyl
group. The term "divalent non-aromatic condensed heteropolycyclic group” as used herein refers to a divalent group
having the same structure as the monovalent non-aromatic condensed heteropolycyclic group.

[0232] The term "C5-Cgq carbocyclic group” as used herein refers to a monocyclic or polycyclic group having 5 to 60
carbon atoms in which a ring-forming atom is carbon atoms only. The C5-Cg, carbocyclic group may be an aromatic
carbocyclic group or a non-aromatic carbocyclic group. The Cg-Cgq carbocyclic group may be a ring, such as benzene, a
monovalent group, such as a phenyl group, or a divalent group, such as a phenylene group. In one or more embodiments,
depending on the number of substituents connected to the C5-Cg carbocyclic group, the C5-Cg( carbocyclic group may be
a trivalent group or a quadrivalent group. Corresponding definitions apply to other ranges given for the number of carbon
atoms in a carbocyclic group.

[0233] The term "C4-Cgq heterocyclic group™ as used herein refers to a group having the same structure as the C,4-Cg,
carbocyclic group, except that as a ring-forming atom, at least one heteroatom selected from N, O, Si, P, and S is used in
addition to carbon (the number of carbon atoms may be in a range of 1 to 60). Corresponding definitions apply to other
ranges given for the number of carbon atoms in a heterocyclic group.

[0234] At least one substituent of the substituted C5-Cg (€.9. C5-C3q) carbocyclic group, the substituted C4-Cg (€.9.
C4-C,) heterocyclic group, the substituted C5-C, cycloalkylene group, the substituted C4-C,, heterocycloalkylene
group, the substituted C5-C,, cycloalkenylene group, the substituted C4-C, heterocycloalkenylene group, the sub-
stituted Cg-Cg (e.9. C5-C3q) arylene group, the substituted C4-Cgq (e.9. C4-Cy) heteroarylene group, the substituted
divalent non-aromatic condensed polycyclic group, the substituted divalent non-aromatic condensed heteropolycyclic
group, the substituted C4-Cgq (e.g. C4-C5q) alkyl group, the substituted C,-Cg, alkenyl group, the substituted C,-Cg
alkynyl group, the substituted C,-Cg, (e.g. C4-C,) alkoxy group, the substituted C5-C, cycloalkyl group, the substituted
C,-C,, heterocycloalkyl group, the substituted C5-C,, cycloalkenyl group, the substituted C4-C,, heterocycloalkenyl
group, the substituted C4-Cg (€.9. Cg-C5q) aryl group, the substituted Cg-Cgq (€.9. Cg-C4g) aryloxy group, the substituted
Ce-Cg (e.g. Cg-C4p) arylthio group, the substituted C4-Cgq (e.g. C4-Cy) heteroaryl group, the substituted C4-Cg (e.9.
C4-Cyg) heteroaryloxy group, the substituted C4-Cgq (e.g. C1-Cy) heteroarylthio group, the substituted monovalent non-
aromatic condensed polycyclic group, and the substituted monovalent non-aromatic condensed heteropolycyclic group
may be selected from:

deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C4-Cg (€.9. C4-C5q) alkyl group, a C,-Cg (e.g. C,-Cy) alkenyl group, a C»-Cgq (€.9. C5-Cyq)
alkynyl group, and a C4-Cg, (e.g. C4-C5) alkoxy group;

a C4-Cqq (e.9. C4-Cyp) alkyl group, a C,-Cgq (e.9. C,-Cy) alkenyl group, a C,-Cg (€.9. C,-Cyp) alkynyl group, and a
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C4-Cgp (e.9. C4-C,q) alkoxy group, each substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a
hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a C5-C4
cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group, a C4-C, 4 heterocycloalkenyl group, a
Cg-Cgg (e.9. C5-C4p) aryl group, a Cg-Cgq (e.g. C5-C5g) aryloxy group, a Cg-Cg (.g. Cg-C4p) arylthio group, a C4-Cg
(e.g. C4-Cy) heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic
condensed heteropolycyclic group, -Si(Q41)(Q42)(Q43), - N(Q41)(Q42), -B(Q41)(Q45), -C(=0)(Q41), -S(=0),(Q44), and
-P(=0)(Q41)(Q1);

a C5-C, cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group, a C4-C, heterocycloalk-
enyl group, a C4-Cgq (e.g9. Cg-Csp) aryl group, a C5-Cgq (e.g. Cg-C4p) aryloxy group, a Cg-Cg (e.9. C5-Cyg) arylthio
group, a C4-Cg4q (e.g. C4-C,() heteroaryl group, a monovalent non-aromatic condensed polycyclic group, and a
monovalent non-aromatic condensed heteropolycyclic group;

a C5-C, cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group, a C4-C, heterocycloalk-
enyl group, a C4-Cgq (e.g9. Cg-Csp) aryl group, a C5-Cg (e.g. Cg-C4p) aryloxy group, a Cg-Cg (e.9. Cg-Cyg) arylthio
group, a C4-Cg (e.g. C4-C,() heteroaryl group, a monovalent non-aromatic condensed polycyclic group, and a
monovalent non-aromatic condensed heteropolycyclic group, each substituted with at least one selected from
deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C4-Cg (€.9. C4-Cyq) alkyl group, a C,-Cg (e.g. C,-Cy) alkenyl group, a Co-Cgq (€.9. Co-Cyg)
alkynyl group, a C4-Cg (e.g. C4-C5) alkoxy group, a C5-C4q cycloalkyl group, a C4-C,, heterocycloalkyl group, a
C5-C4 cycloalkenyl group, a C4-C,, heterocycloalkenyl group, a C4-Cgq (e.9. C4-C3q) aryl group, a C4-Cgq (e.9.
Cg-C3p) aryloxy group, a Cg-Cg (e.9. Cg-C4q) arylthio group, a C4-Cg (€.9. C4-C5() heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group, -Si(Qy4)
(Q22)(Qg3), “N(Q21)(Qgp), - B(Q21)(Qyp), -C(=0)(Qz4), -S(=0),(Qz1), and -P(=0)(Q,1)(Qyy); and
-Si(Q31)(Q32)(Qg3). “N(Q31)(Qs2). -B(Q31)(Qa2), -C(=0)(Qy1), -S(=0)(Q34), and -P(=0)(Q;)(Qs), and

Q4110 Q43, Qyq to Qy3, and Q34 to Q33 may each independently be selected from hydrogen, deuterium, -F, -Cl, -Br, -1, a
hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a C4-Cg (€.9.
C4-Cyp) alkylgroup, a C,-Cg (e.9. C5-C,g) alkenyl group, a Co-Cg (€.9. C5-Cyq) alkynyl group, a C4-Cg( (€.9. C4-Cyq)
alkoxy group, a C5-C, cycloalkyl group, a C4-C;, heterocycloalkyl group, a C5-C,, cycloalkenyl group, a C4-Cy,
heterocycloalkenyl group, a Cg-Cgq (e.9. Cg-C3q) aryl group, a C4-Cg (€.9. C4-Cy) heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group, a biphenyl
group, and a terphenyl group.

[0235] Theterm"Ph"asusedhereinrepresentsaphenylgroup,theterm"Me" as used hereinrepresents a methyl group,
the term "Et" as used herein represents an ethyl group, the term "ter-Bu" or "But," as used herein, represents a tert-butyl
group, and the term "OMe" as used herein represents a methoxy group.

[0236] The term "biphenyl group" as used herein refers to a "phenyl group substituted with a phenyl group". The
"biphenyl group" is a "substituted phenyl group” having a "Cg-Cg aryl group" as a substituent.

[0237] The term "terphenyl group" as used herein refers to a "phenyl group substituted with a biphenyl group. The
"terphenyl group" is a "phenyl group" having, as a substituent, a "Cg-Cg aryl group substituted with a Cg-Cg aryl group.”
[0238] * and * as used herein, unless defined otherwise, each refer to a binding site to a neighboring atom in a
corresponding formula.

[0239] Hereinafter, a compound according to embodiments and an organic light-emitting device according to embodi-
ments will be described in more detail with reference to Synthesis Examples and Examples. The expression "B was utilized
instead of A" used in describing Synthesis Examples and Examples indicates that an identical number of molar equivalents
of B was utilized in place of molar equivalents of A.

Synthesis Example
Synthesis Example 1: Synthesis of Compound BD1

[0240]
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1) Synthesis of Intermediate 1-C

[0241] 3.96 g (36.0 mmol) of 3-aminophenol, 6.54 g (30.0 mmol) of 3-iodoaniline, 13.8 g (60.0 mmol) of potassium
triphosphate, 1.14 g (6.0 mmol) of copperiodide, and 0.74 g (6.0 mmol) of picolinic acid were added to a reaction container
and suspended in 60 ml of dimethyl sulfoxide. The reaction mixture was heated and stirred at a temperature 85 °C for 24
hours. After the reaction was completed, the reaction product was cooled to room temperature, and 300 ml of distilled water
was added thereto. Then, an organic layer was extracted therefrom utilizing ethyl acetate. The extracted organic layer was
washed utilizing a saturated sodium chloride aqueous solution and dried utilizing sodium sulfate. The solvent was
removed therefrom, and a residue obtained therefrom was separated by column chromatography to obtain 5.40 g of
Intermediate 1-C, which is a transparent oil.

2) Synthesis of Intermediate 1-D

[0242] 4.0 g (20.0 mmol) of the synthesized 3,3’-oxyaniline (Intermediate 1-C) was dissolved in 100 ml of acetone. An
aqueous hydrochloric acid solution (21 ml of hydrochloric acid was diluted with 30 ml of distilled water) was added dropwise
thereto. The reaction solution was cooled to atemperature of 0 °C, and 8.4 g (121.8 mmol) of sodium nitrite was dissolved in
50 ml of distilled water and slowly added dropwise thereto. The solution was stirred at a temperature of 0 °C for 1 hour, 25g
(150.6 mmol) of potassium iodide was dissolved in 50 ml of distilled water and added dropwise thereto. The reaction
mixture was stirred at a temperature of 0 °C for 2 hours, heated to a temperature of 60 °C, and additionally stirred for 4
hours.

[0243] Sodium bisulfite was added thereto to remove the residual iodine, and the reaction mixture was concentrated
under reduced pressure. The residue obtained therefrom was extracted utilizing dimethylchloride, and an organic layer
was dried utilizing magnesium sulfate. Then, the product obtained therefrom was purified by column chromatography to
obtain 6.0 g of Intermediate 1-D, which is a white solid.

3) Synthesis of Intermediate 1-E

[0244] 5.6 g (13.3 mmol) of the synthesized 3,3’-oxybis(iodobenzene) (Intermediate 1-D), 5.2 ml (36.8 mmol) of
trimethylsilylacetylene, 0.94 g (1.34 mmol) of PdCI,(PPh3),, 0.7 g (2.67 mmol) of triphenylphosphine, 0.38 g (2.00 mmol)
of copper iodide, and 80 ml of a mixed solvent of tetrahydrofuran/triethylamine (v/v = 3:1) were added to a 250-ml reaction
containerand stirred for 12 hours. After the reaction was completed, the reaction product was concentrated under reduced
pressure, and an organic layer was extracted therefrom utilizing an aqueous solution of methylene chloride and
ammonium chloride. The organic layer was washed utilizing distilled water and brine. The organic layer was dried
utilizing magnesium sulfate and purified by column chromatography (methylene chloride: n-hexane = 1:9). The obtained
white solid was dissolved in 40 ml of tetrahydrofuran, and 1.0 M solution of tetrabutylammonium fluoride was added thereto
and stirred for 12 hours. The reaction mixture was concentrated under reduced pressure, and the product was extracted
therefrom utilizing methylene chloride. The product was dried utilizing magnesium sulfate and purified by chromatography
(methylene chloride:n-hexane = 1:9) to obtain 2.55 g of Intermediate 1-E that is a white solid.
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4) Synthesis of Intermediate 1-F

[0245] 0.4 g(1.83 mmol)ofthe synthesized 3,3-oxybis(ethynylbenzene) (Intermediate 1-E), 0.49 g (1.92 mmol) of 1,12-
diazidododecane, 0.95 g (7.32 mmol) of disopropylamine, tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyllamine (1 mol%),
and 240 ml of dichloromethane were added to a 500-ml reaction container and bubbled with nitrogen gas for 30 minutes.
[Cu(CH3CN)4]PFg (1 mol%) was added as a catalyst and stirred at room temperature for 6 days. The solvent was removed
under reduced pressure, and the residue obtained therefrom was dissolved in dichloromethane and washed several times
with saturated ammonium chloride, distilled water, and saturated sodium chloride aqueous solution. An organic layer was
dried utilizing magnesium sulfate, and the residue obtained therefrom was purified by column chromatography (methy-
lenechloride:ethyl acetate = 5:1) to obtain 0.2 g Intermediate 1-F.

5) Synthesis of Compound BD1

[0246] 0.8 g of the synthesized ligand Intermediate 1-F, 0.06 g of tetrabutylammonium bromide, and 0.8 g of K,PtCl,
were added to a reaction container and 100 ml of acetic acid was added thereto. The reaction mixture was stirred at room
temperature for 1 day and stirred at a temperature of 140 °C for 4 days. 100 ml of distilled water was added thereto, and the
resulting solid was filtered under reduced pressure. The solid was dissolved in methylene chloride and washed utilizing
distilled water and saturated sodium chloride. An organic layer was dried utilizing magnesium sulfate and purified by
column chromatography utilizing methylene chloride to obtain Compound BD1.

Synthesis Example 2: Synthesis of Compound BD2

[0247] Compound BD2 was obtained in the same manner as in Synthesis Example 1, except that 3-amino-5-
methylphenol was utilized instead of 3-aminophenol, and 3-iodo-5-methylaniline was utilized instead of 3-iodoaniline.

Synthesis Example 3: Synthesis of Compound BD3

[0248] Compound BD3 was obtained in the same manner as in Synthesis Example 1, except that 3-amino-5-tert-
butylphenol was utilized instead of 3-aminophenol, and 3-iodo-5-tertiarybutylaniline was utilized instead of 3-iodoaniline.

Synthesis Example 4: Synthesis of Compound BD4

[0249] Compound BD4 was obtained in the same manner as in Synthesis Example 1, except that 3-amino-5-
trimethylsilylphenol was utilized instead of 3-aminophenol, and 3-iodo-5-trimethylsilyl aniline was utilized instead of 3-
iodoaniline.

Synthesis Example 5: Synthesis of Compound BD5

[0250] Compound BD5 was obtained in the same manner as in Synthesis Example 1, except that 3-amino-5-
fluorophenol was utilized instead of 3-aminophenol, and 3-fluoro-5-iodoaniline was utilized instead of 3-iodoaniline.

Synthesis Example 6: Synthesis of Compound BD12

[0251] Compound BD12 was obtained in the same manner as in Synthesis Example 1, except that 1-azido-2-{2-[2-(2-
azidoethoxy)ethoxy]ethoxy}ethane was utilized instead of 1,12-diazidododecane.

Synthesis Example 7 : Synthesis of Compound BH2

[0252]
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1) Synthesis of Intermediate 2-A

[0253] 15g(89.7 mmol)ofcarbazole, 38 g (179.4 mmol) of potassium phosphate, and 20 ml (179.4 mmol) of 1-bromo-2-
fluorobenzene were suspended in 300 ml of dimethylformamide, heated to a temperature of 160 °C, and stirred for 12
hours. Distilled water and methylene chloride were added to the reaction mixture and washed several times utilizing
saturated sodium chloride. The product obtained therefrom was dried utilizing magnesium sulfate and purified by column
chromatography (dichloromethane:n-hexane = 5:95) to obtain 23 g of Intermediate 2-A.

2) Synthesis of Compound BH2

[0254] 0.50 g (1.55 mmol) of synthesized Intermediate [2-A], 0.53 g (1.85 mmol) of 2-((9H-carbazole-9-yl)phenyl)
boronic acid, 0.26 g (1.85 mmol) of potassium carbonate, and 4 mol% of tetrakistriphenylphosphine palladium catalyst
were suspended in 10 ml of a mixed solvent of toluene and ethanol (4:1), heated to a temperature of 120 °C, and stirred for
12 hours. Distilled water and dimethylchloride were added to the reaction mixture, and the product obtained therefrom was
extracted therefrom and dried utilizing magnesium sulfate and purified by column chromatography to obtain 0.5 g of
Compound BH2.

Synthesis Example 8 : Synthesis of Compound BH15

[0255]

4. n-Buli

B
Br Q

Py
B o QQQ

1) Synthesis of Intermediate 3-A

[0256] 15 g (63.59 mmol) of 1,4-dibromobenzene was dissolved in 200 ml of tetrahydrofuran and cooled to a
temperature of -78 °C. 25 ml (63.59 mmol) of 2.5 M solution of n-butyllithium was added thereto and stirred for 1 hour.
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11.5 g (63.59 mmol) of 9-fluorenone was dissolved in 50 ml of tetrahydrofuran and added dropwise to the reaction mixture.
The reaction mixture was heated and stirred at room temperature for 12 hours, and distilled water and ethyl acetate were
added thereto. The product was extracted therefrom and washed several times utilizing saturated sodium chloride. The
product was dried utilizing magnesium sulfate and purified by column chromatography (dichloromethane:n-hexane = 1:4)
to obtain 19 g of Intermediate 3-A.

2) Synthesis of Intermediate 3-B

[0257] 15.7 g (64.58 mmol) of the synthesized Intermediate 3-A and 15.6 g (64.58 mmol) of phenylcarbazole were
dissolved in 350 ml of methylene chloride and cooled to a temperature of 0 °C, and 1.5 ml of Eaton’s reagent was added
dropwise thereto and stirred for 1 hour. Distilled water and ethyl acetate were added thereto, and the product was extracted
therefrom and washed several times utilizing saturated sodium chloride. The product obtained therefrom was dried
utilizing magnesium sulfate and purified by column chromatography (dichloromethane:n-hexane = 1:9) to obtain 13.8 g of
Intermediate 3-B.

3) Synthesis of Intermediate 3-C

[0258] 13.8g(24.5mmol)ofthe synthesized Intermediate 3-B was dissolvedin 150 ml of tetrahydrofuran and cooled toa
temperature of -78 °C, and 12.8 ml of 2.5 M solution of n-butyllithium was added thereto and stirred for 2 hour. 6.5 ml of
diphenylphosphine chloride was added dropwise thereto and heated and stirred at room temperature for 12 hours.
Distilled water and ethyl acetate were added thereto, and a product was extracted therefrom and washed several times
utilizing saturated sodium chloride. The product obtained therefrom was dried utilizing magnesium sulfate and purified by
column chromatography (dichloromethane:ethyl acetate = 1:9) to obtain Intermediate 3-C.

4) Synthesis of Compound BH15

[0259] The synthesized Intermediate 3-C was dissolved in 300 ml of dimethylchloride and 60 ml of hydrogen peroxide
was added thereto and stirred for 30 minutes. Distilled water was added thereto, and a product was extracted therefrom
and washed several times utilizing saturated sodium hydrogen carbonate aqueous solution. The product obtained
therefrom was dried utilizing magnesium sulfate and purified by column chromatography (dichloromethane:ethyl acetate
=1:9) to obtain 7.7 g of Compound BH15.

Synthesis Example 9 : Synthesis of Compound BH4

[0260]

. OB o
(L — W“* O

1) Synthesis of Intermediate 4-A

[0261] 5.9 g (23.79 mmol) of 2-bromodibenzofuran, carbazole (23.79 mmol), 1.14 g (0.3 mol%) of copper iodide, 1.3 g
(0.3 mol%) of 1,10-phenanthroline, and 6.6 g (47.58 mmol) of potassium carbonate were suspended in 120 ml of
dimethylformanide. The reaction mixture was heated and stirred under reflux for 24 hours. The reaction mixture was
cooled to room temperature, and the reaction mixture was added dropwise to distilled water and solidified. The solid
obtained therefrom was filtered and dried. The dried solid was purified by column chromatography (methylene chloride:n-
hexane = 1:9) to obtain 8.0 g of Intermediate 4-A.

2) Synthesis of Compound BH4

[0262] 8 g (16.50 mmol) of the synthesized Intermediate 4-A was dissolved in 80 ml of tetrahydrofuran and cooled to a
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temperature of -78 °C, and 8 ml (19.80 mmol) of 2.5 M solution of n-butyllithium was added thereto and stirred for 1 hour.
5.84 g (19.80 mmol) of triphenylsilyl chloride was dissolved in 20 ml of tetrahydrofuran and added dropwise to the reaction
mixture. The reaction mixture was heated and stirred at room temperature for 12 hours, and distilled water and ethyl
acetate were added thereto to extract the product. The product was dried utilizing magnesium sulfate and purified by
column chromatography (dichloromethane:n-hexane = 1:4) to obtain 9.3 g of Compound BH4.

Examples
Example 1 (not forming part of the claimed invention)

[0263] Asasubstrate andanITO anode, a glass substrate, on which a Corning 15 Q/cm?2 (1,200 A) ITO was formed, was
cut into a size of 50 mm x 50 mm x 0.7 mm, sonicated with isopropyl alcohol and pure water each for 5 minutes, and then
cleaned by exposure to ultraviolet rays and ozone for 30 minutes. Then, the glass substrate was provided to a vacuum
deposition apparatus.

[0264] 2-TNATA was vacuum-deposited on the ITO anode formed on the glass substrate to form a hole injection layer
having a thickness of 600 A, and NPB was vacuum-deposited on the hole injection layer to form a hole transport layer
having a thickness of 300 A.

[0265] Compound BH1 (host) and Compound BD1 (dopant) were co-deposited on the hole transport layer at a host-to-
dopant weight ratio of 90:10 to form an emission layer having a thickness of 300 A.

[0266] TSPO1 was deposited on the emission layer to form a hole blocking layer having a thickness of 50 A, Alq; was
deposited on the hole blocking layer to form an electron transport layer having a thickness of 300 A, LiF was deposited on
the electron transport layer to form an electron injection layer having a thickness of 10 A, and Al was vacuum-deposited on
the electron injection layer to form a cathode having a thickness of 3,000 A, thereby completing the manufacture of an
organic light-emitting device.

a &

\@r@@ AN @

2-TNATA TSP

%J@ e

BH1

Ja » et

Examples 2 to 9 (Example 2 does not form part of the claimed invention)
[0267] Organic light-emitting devices were manufactured in the same manner as in Example 1, except that Compounds

shown in Table 1 were each utilized in forming an emission layer instead of Compound BD1 (dopant) and Compound BH1
(host) utilized in Example 1.
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Example 11

[0268] Asananode, aglass substrate, on which a Corning 15 Q/cm2 (1,200 A) ITO was formed, was cut into a size of 50
mm x 50 mm x 0.7 mm, sonicated with isopropyl alcohol and pure water each for 5 minutes, and then cleaned by exposure
to ultraviolet rays and ozone for 30 minutes. Then, the glass substrate was provided to a vacuum deposition apparatus.
Known Compound 2-TNATA was vacuum-deposited on the glass substrate to form a hole injection layer having a
thickness of 600 A, and NPB as a hole transport compound was vacuum-deposited to form a hole transport layer having a
thickness of 300 A. Compound BD1 for a blue fluorescent emission layer was co-deposited on the hole transport layer with
a mixed host having a dopant ratio of 10% and an ETH1:BH1 weight ratio of 1:9 to form an emission layer having a
thickness of 300 A. Then, ETH1 was vacuum-deposited to form a hole blocking layer having a thickness of 50 A. Alg; was
deposited on the emission layer (e.g., deposited on the hole blocking layer which was deposited on the emission layer) to
form an electron transport layer having a thickness of 300 A. LiF, which is an alkali metal halide, was deposited on the
electron transport layer to form an electron injection layer having a thickness of 10 A, and Al was vacuum-deposited to form
a cathode electrode having a thickness of 3,000 A and to form an LiF/Al electrode, thereby completing the manufacture of
an organic light-emitting device.

ETH1 ETH2

Example 12

[0269] An organiclight-emitting device was manufactured in the same manner as in Example 11, except that ETH2 was
utilized instead of ETH1 as a host.

Comparative Example 1

[0270] Asasubstrate and anITO anode, a glass substrate, on which a Corning 15Q/cm?2 (1,200 A) ITO was formed, was
cut into a size of 50 mm x 50 mm x 0.7 mm, sonicated with isopropyl alcohol and pure water each for 5 minutes, and then
cleaned by exposure to ultraviolet rays and ozone for 30 minutes. Then, the glass substrate was provided to a vacuum
deposition apparatus.

[0271] NPBwasvacuum-deposited onthe ITO anode formed on the glass substrate to form a hole transport layer having
athickness of 300 A. mCP was deposited on the hole transport layerto form an electron blocking layer having a thickness of
60 A. BCPO (host) and Compound BD1 (dopant) were co-deposited on the electron blocking layer at a host-to-dopant
weight ratio of 90:10 to form an emission layer having a thickness of 300 A.

[0272] DPEPO was deposited on the emission layer to form a hole blocking layer having a thickness of 50 A, Alg; was
deposited on the hole blocking layer to form an electron transport layer having a thickness of 300 A, LiF was deposited on
the electron transport layer to form an electron injection layer having a thickness of 10 A, and Al was vacuum-deposited on
the electron injection layer to form a cathode having a thickness of 3,000 A, thereby completing the manufacture of an

organic light-emitting device.
N

A0 o9, Q0
~ ”‘@“ﬁ”@ Q©O©

e}

mCP BCPO DPEPO
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Comparative Examples 2 to 4

[0273] Organiclight-emitting devices were manufactured in the same manner as in Example 1, except that Compounds
shown in Table 1 were each utilized to form an emission layer instead of Compound BD1 and BCPO utilized in Example 1.

Evaluation Example 1

[0274] The driving voltage, current density, luminance, luminescent efficiency, and maximum emission wavelength of
the organic light-emitting devices manufactured according to Examples 1 to 12 and Comparative Examples 1 to 4 were
measured utilizing Keithley SMU 236 and a luminance meter PR650, and results thereof are shown in Table 1.

Table 1
Dopant Host Driving Current Lumina Lumines Maximu m Lifespa
compou | compoun | voltage density nce cent emissio n n (T90,
nd d V) (mA/cm (cd/m2) | efficiency wavele ngth h)
2) (cd/A) (nm)
Example 1 BD1 BH1 4.9 6.5 1000 201 453 7.0
Example 2 BD2 BH1 4.7 6.4 1000 17.2 457 3.0
Example 3 BD3 BH2 4.3 6.4 1000 15.1 457 11.0
Example 4 BD4 BH2 4.3 5.8 1000 16.2 457 11.1
Example 5 BD5 BH4 4.3 5.6 1000 16.7 456 15.4
Example 6 BD6 BH4 4.3 5.1 1000 15.3 457 5.5
Example 7 BD11 BH4 4.4 5.5 1000 19.2 457 4.5
Example 8 BD16 BH22 4.4 5.6 1000 18.4 455 7.8
Example 9 BD17 BH25 4.3 5.2 1000 16.9 456 9.1
Example 11 BD1 BH1, 4.4 5.2 1000 16.2 457 21.0
ETH1
Example 12 BD1 BH1, 4.4 5.2 1000 16.5 455 240
ETH2
Comparativ BD1 BCPO 5.5 14.2 1000 6.6 451 0.3
e Example 1
Comparativ A BH1 5.2 9.9 1000 6.5 488 0.1
e Example 2
Comparativ B BH1 5.2 9.3 1000 10.7 478 0.1
e Example 3
Comparativ C BH1 5.7 8.8 1000 8.2 478 0.1
e Example 4
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[0275] Referring to Table 1, itis confirmed that the organic light-emitting devices of Examples 1 to 12 have a low driving
voltage, high luminescent efficiency, and excellent lifespan, as compared with the organic light-emitting devices of
Comparative Examples 1 to 4.

[0276] The organic light-emitting device may have a low driving voltage, a high efficiency, and a long lifespan.
[0277] Itshould be understood thatembodiments described herein should be considered in a descriptive sense only and
not for purposes of limitation. Descriptions of features or aspects within each embodiment should typically be considered
as available for other similar features or aspects in other embodiments.

[0278] While one or more embodiments have been described with reference to the drawing, it will be understood by
those of ordinary skill in the art that various changes in form and details may be made therein without departing from the
scope as defined by the following claims.

Claims
1. An organic light-emitting device (10) comprising:

a first electrode (110);

a second electrode (190) facing the first electrode (110); and

an organic layer (150) between the first electrode (110) and the second electrode (190) and comprising an
emission layer,

wherein the emission layer comprises a host and a dopant, the host comprises a first compound represented by
Formula 1 and the dopant comprises a second compound represented by Formula 2A or 2B, and

the first compound is not 1,3-di-9-carbazolylbenzene (mCP):

Formula 1 (CY)m1-(Lp1-(CY2)ma
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Formula 1-1

EE
..

X R
K / 1*\.(.
(R'i)a‘l-"f:“ A1 :

¥

Ay T (Raa

Formula 1-3

Formula 1-2

&
><L2)b2'(R7)a7
(Re)as—— As ,

Xz‘/t"‘*
Formula 2A
(L1a)p1a—(L1e)b1e—(L15)b15
Ridlere REN ""Y'Z?. (Ri1)a11
\ "Yas Y24 /Y
Y§2 : 22
___,,Y. ‘o . :'.
Y3y M\ /Y“ Yoy
T14\ Tiq \
(Lﬁ]g)bqg /M“\ (L11)b11
Ti3 T2
/ \
o Yaa RPN
POA T~ — " Ap
/‘. (L12)biz
®as 7 (Rizatz
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Formula 2B
(L14)o14—(L16)o16~(L15)b15
(R14)ata
Y v Yas
34 1
Y(}z " Y‘.45 /\‘(//(Rﬁ)aﬁ
g : % a2
_____ Y Vi
Y3‘1 N / Y41
T14\ /T11
(L13)p1s /Mﬁ\ (L11)o11
/T13 T12
Y13 Yo .

3, .
e ’
I

A13 \ //‘{ A12 .‘:

/ (L2 \

(R13)a1 (Ri2)ar2

wherein, in Formulae 1, 1-1, 1-2, and 1-3,

CY, and CY, are each independently a group represented by one of Formulae 1-1, 1-2, and 1-3,

m1 and m2 are each independently 0, 1 or 2, wherein a sum of m1 and m2 is 2,

L, and L, are each independently selected from a substituted or unsubstituted C5-C, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene group, a substituted or unsubstituted C5-C, cycloalk-
enylene group, a substituted or unsubstituted C,-C, heterocycloalkenylene group, a substituted or unsubsti-
tuted Cg-Cg, arylene group, a substituted or unsubstituted C4-Cgy heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic group, a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group, and -Si(Q4)(Q,)-,

b1 is an integer from 0 to 5,

b2 is an integer from 0 to 4,

X, to X, are each independently selected from a single bond, *-O-*, *-S-*, *-C(Rg)(Rg)-*', *-C(=0)-*", *-B(R,)(Rg)-
*, *-N(Rg)-*, *-P(Rg)-*’, and *-Si(Rg)(Rg)-*,

rings A, to Ag are each independently a C5-Cg carbocyclic group or a C,-Cgq heterocyclic group,

R, to Rg are each independently selected from hydrogen, deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C4-Cg alkyl group, a substituted or unsubstituted C,-Cg, alkenyl group, a sub-
stituted or unsubstituted C,-Cg alkynyl group, a substituted or unsubstituted C4-Cg( alkoxy group, a substituted
or unsubstituted C5-C4, cycloalkyl group, a substituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C4-C, 4 cycloalkenyl group, a substituted or unsubstituted C,-C o heterocycloalkenyl
group, a substituted or unsubstituted C4-Cg aryl group, a substituted or unsubstituted Cg-Cg aryloxy group, a
substituted or unsubstituted C4-Cg arylthio group, a substituted or unsubstituted C,-Cg heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropolycyclic group, - Si(Q4)(Q,)(Q3), -B(Q4)(Q,), -N(Q1)X(Qy),
-P(Q)(Qyp), -C(=0)(Q), -S(=0)(Q4), - S(=0)»(Qy), -P(=0)(Q4)(Qp), and -P(=8)(Q4)(Q,),

a1l to a7 are each independently an integer from 1 to 8,

in Formulae 2A and 2B,

M, is selected from platinum (Pt), palladium (Pd), copper (Cu), silver (Ag), gold (Au), rhodium (Rh), iridium (Ir),
ruthenium (Ru), osmium (Os), titanium (Ti), zirconium (Zr), hafnium (Hf), europium (Eu), terbium (Tb), and thulium
(Tm),

A, and A, are each independently selected from a C5-Cg carbocyclic group and a C4-Cgq heterocyclic group,
Y44 to Y44 are each independently N or C,

Y, to Y,, are each independently N or C,

Y34 to Y5, are each independently N or C, and

Y41 to Y5 are each independently N or C,

T44 to T44 are each independently selected from a single bond, O, and S,
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L4 to L5 are each independently selected from a single bond, *-O-*, *-S-*, *-C(R5)(R4g)-*, *-C(R45)="",
*=C(R45)-"", *-C(R5)=C(R4)-", *-C(=0)-*, *-C(=S)-", *-C=C-*, *-B(R45)-"", *-N(Ry5)-", *-P(Ry5)-", *-Si(R¢5)
(Ryg)-"", -P(=0)(R15)(R1g)-"", and *-Ge(Ry5)(R1¢)-",

b11 to b13 are each independently an integer from 0 to 3,

whenb11is0, Y, 0rY,,isnotlinkedto A;,, whenb12is 0, A,, and A, are notlinked to each other, and when b13
is 0, Aj3 and Y34 are not linked to each other,

L4 to L4g are each independently selected from *-O-*, *-8-*, *-C(=0)-*, *-C(=S)-*, *-B(R47)-*', *-N(R47)-*,
*-P(R47)-", *-Si(R47)(R1g)-*', *-P(=O)(R47)(R1g)-*', *-Ge(R47)(R4g)-*', a divalent C,-C,, hydrocarbon group, a
divalent C5-Cg carbocyclic group, and a divalent C4-Cgq heterocyclic group,

b14 and b15 are each independently an integer from 1 to 5,

b16 is an integer from 0 to 5,

when b16 is 0, L4¢ is a single bond,

R41 to Ryg are each independently selected from hydrogen, deuterium, -F, -Cl, - Br, -1, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group, a hydrazono group, a substituted or unsubstituted
C,-Cg alkyl group, a substituted or unsubstituted C,-Cg alkenyl group, a substituted or unsubstituted C,-Cg
alkynyl group, a substituted or unsubstituted C4-Cg, alkoxy group, a substituted or unsubstituted C5-C4,
cycloalkyl group, a substituted or unsubstituted C4-C,, heterocycloalkyl group, a substituted or unsubstituted
C5-C4 cycloalkenyl group, a substituted or unsubstituted C4-C, heterocycloalkenyl group, a substituted or
unsubstituted Cg-Cg aryl group, a substituted or unsubstituted Cg-Cg aryloxy group, a substituted or unsub-
stituted Cg-Cg arylthio group, a substituted or unsubstituted C;-Cg, heteroaryl group, a substituted or unsub-
stituted C4-Cg heteroaryloxy group, a substituted or unsubstituted C4-Cg heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycyclic group, a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, -Si(Q4)(Q,)(Q3), - B(Q1)(Q,), -N(Q1)(Q,), -P(Q4)(Qy), -C(=0)
(Q), -S(=0)(Q4), -S(=0)2(Q4), - P(=0)(Q4)(Qy). and -P(=5)(Q4)(Qy),

RysandR4¢; Rysand Ry5; Rysand Ry3; or Rysand Ry, are optionally linked to form a substituted or unsubstituted
C5-Cg( carbocyclic group or a substituted or unsubstituted C4-Cgq heterocyclic group,

a11 to a14 are each independently an integer from 1 to 8,

*and * each indicate a binding site to a neighboring atom,

at least one substituent of the substituted C5-C, cycloalkylene group, the substituted C,-C,, heterocycloalk-
ylene group, the substituted C5-C cycloalkenylene group, the substituted C4-C, heterocycloalkenylene group,
the substituted Cg-Cg arylene group, the substituted C4-Cgq heteroarylene group, the substituted divalent non-
aromatic condensed polycyclic group, the substituted divalent non-aromatic condensed heteropolycyclic group,
the substituted C,-Cgqalkyl group, the substituted C,-Cg alkenyl group, the substituted C,-Cgq alkynyl group, the
substituted C-Cg alkoxy group, the substituted C5-C, 4 cycloalkyl group, the substituted C4-C, o heterocycloalkyl
group, the substituted C5-C,, cycloalkenyl group, the substituted C4-C,, heterocycloalkenyl group, the sub-
stituted Cg-Cg aryl group, the substituted Cg-Cg aryloxy group, the substituted Cg-Cg arylthio group, the
substituted C4-Cg heteroaryl group, the substituted monovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed heteropolycyclic group is selected from:

deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C4-Cgq alkyl group, a C,-Cg alkenyl group, a C,-Cgq alkynyl group, and a C4-Cg
alkoxy group;

a C4-Cgq alkyl group, a C,-Cgq alkenyl group, a C,-Cg, alkynyl group, and a C,-Cg alkoxy group, each
substituted with at least one selected from deuterium, -F, -Cl, - Br, -1, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono group, a C5-C,, cycloalkyl group, a C4-C,,
heterocycloalkyl group, a C5-C,, cycloalkenyl group, a C,4-C,, heterocycloalkenyl group, a C4-Cgq aryl
group, a Cg-Cgq aryloxy group, a Cg-Cg arylthio group, a C4-Cg( heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group,
-Si(Q11)(Q12)(Q43), “N(Q11)(Qy,), -B(Q41)(Qs), -C(=0)(Qyy), - S(=0)5(Qy4), and -P(=0)(Qy;)(Qs,);

a C5-C4q cycloalkyl group, a C4-C4, heterocycloalkyl group, a C5-C4, cycloalkenyl group, a C4-Cy
heterocycloalkenyl group, a Cg-Cgq aryl group, a Cgz-Cqy aryloxy group, a Cg-Cgq arylthio group, a
C,-Cgp heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-
aromatic condensed heteropolycyclic group, a biphenyl group, and a terphenyl group;

a C5-C4q cycloalkyl group, a C4-C4, heterocycloalkyl group, a C5-C4, cycloalkenyl group, a C4-Cy
heterocycloalkenyl group, a Cg-Cgq aryl group, a Cgz-Cgy aryloxy group, a Cg-Cgq arylthio group, a
C,-Cgp heteroaryl group, a monovalent non-aromatic condensed polycyclic group, and a monovalent
non-aromatic condensed heteropolycyclic group, each substituted with atleast one selected from deuterium,
-F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
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hydrazono group, a C4-Cgq alkyl group, a C,-Cg alkenyl group, a C,-Cg alkynyl group, a C4-Cg alkoxy
group, a C5-C,q cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C,, cycloalkenyl group, a C4-C4
heterocycloalkenyl group, a Cg-Cg aryl group, a C4-Cgq aryloxy group, a C4-Cg arylthio group, a C4-Cg
heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic
condensed heteropolycyclic group excluding a carbazolyl group, -Si(Q,1)(Q22)(Q23), -N(Q24)(Q55), -B(Q51)
(Qg0), -C(=0)(Qs1), -S(=0)5(Q54), and - P(=0)(Q54)(Q5,), and

-Si(Q31)(Q32)(Q33) -N(Q31)(Q32), -B(Q31)(Q3z), -C(=0)(Q31), -S(=0)5(Q34), and - P(=0)(Q31)(Q3), and
Q4 t0Q3, Q44 t0 Qy3, Qy4 to Qy3, and Q34 to Q43 are each independently selected from hydrogen, deuterium,
-F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C4-Cg, alkyl group, a C,-Cgq alkenyl group, a C,-Cg alkynyl group, a C4-Cg( alkoxy
group, a C5-C, cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group, a C4-C4
heterocycloalkenyl group, a C¢-Cg aryl group, a Cg-Cg aryl group substituted with a C4-Cgq alkyl group, a
Ce-Cg aryl group substituted with a C4-Cg aryl group, a terphenyl group, a C4-Cg, heteroaryl group, a
C,-Cg heteroaryl group substituted with a C4-Cg alkyl group, a C4-Cgq heteroaryl group substituted with a
Ce-Cg aryl group, amonovalent non-aromatic condensed polycyclic group, and a monovalent non-aromatic
condensed heteropolycyclic group.

2. An organic light-emitting device (10) according to claim 1, wherein
L;and L, in Formulae 1, 1-1, 1-2, and 1-3 are each independently selected from:

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzofluorene
group, a dibenzofluorene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group,
a quinolinylene group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a carba-
zolylene group, and a triazinylene group;

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzofluorenylene
group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene group, a pyridazinylene group,
a quinolinylene group, an isoquinolinylene group, a quinoxalinylene group, a quinazolinylene group, a carba-
zolylene group, and a triazinylene group, each substituted with at least one selected from deuterium, -F, -Cl, - Br,
-1, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, an isoindolyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group, and a triazinyl group; and

-Si(Q4)(Q5)-, and

Q, and Qg are each independently selected from:

a C4-C,q alkyl group, a C4-C,, alkoxy group, and a phenyl group; and

aphenyl group, a biphenyl group, a terphenyl group, and a naphthyl group, each substituted with atleast one
selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a C4-C,q alkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group.

3. An organic light-emitting device (10) according to claim 1 or claim 2,
wherein

A, toAginFormulae 1-1,1-2, and 1-3 are each independently selected from a benzene ring, a naphthalenering, a
pyridine ring, a pyrimidine ring, a pyrazine ring, a pyridazine ring, a triazine ring, a quinoline ring, an isoquinoline
ring, a quinoxaline ring, a quinazoline ring, and a ring represented by Formula 4:
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Formula 4
Xs

Xs

wherein, in Formula 4,

Xgand Xg are each independently selected from *-O-*, *-S-*, *-C(Rg)(Rg)-*, *-C(=0)-*", *-B(Rg)(Rg)-*", *-N(Rg)-*",
*-P(Rg)-*’, and *-Si(Rg)(Rg)-*, and

Rg and Ry are the same as described in connection with Formulae 1, 1-1, 1-2, and 1-3.

4. An organic light-emitting device (10) according to any one of claims 1 to 3, wherein
R, to Rg in Formulae 1-1, 1-2 and 1-3 are each independently selected from:

hydrogen, deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group ora
salt thereof, a phosphoric acid group or a salt thereof, a C4-Cgq alkyl group, a C,-Cgq alkenyl group, a C,-Cgg
alkynyl group, a C4-Cg alkoxy group, a phenyl group, a naphthyl group, a fluorenyl group, a pyrenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrazolyl group, an imidazolyl group, a benzimidazolyl group, a pyridinyl group, a pyrimidyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group, a naphthyridinyl group, a quinoxalinyl group, a quina-
zolinyl group, a carbazolyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a triazinyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a biphenyl group,
and a terphenyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a pyrenyl group, a phenalenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrazolyl group, an imidazolyl group, a
benzimidazolyl group, a pyridinyl group, a pyrimidyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a naphthyridinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a phenazinyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a biphenyl group, and a terphenyl group, each substituted with
atleast one selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a methyl group,
an ethyl group, a propyl group, an isobutyl group, a sec-butyl group, ter-butyl group, pentyl group, an isoamyl
group, a hexyl group, a C4-Cg alkoxy group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclopentenyl group, a cyclohexenyl group, a phenyl group, a naphthyl group, a fluorenyl group, a pyrenyl group,
aphenalenyl group, a phenanthrenyl group, an anthracenyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrazolyl group, an imidazolyl group, a benzimidazolyl group, a pyridinyl group, a pyrimidyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group, a naphthyridinyl group, a quinoxalinyl group, a quina-
zolinyl group, a carbazolyl group, a phenanthridinyl group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a triazinyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a biphenyl group,
and a terphenyl group; and

-Si(Q4)(Q5)(Qg) and -P(=0)(Q4)(Q;5), and

Q, to Qg are each independently selected from:

a C4-C,q alkyl group, a C4-C,, alkoxy group, and a phenyl group; and

aphenyl group, a biphenyl group, a terphenyl group, and a naphthyl group, each substituted with atleast one
selected from deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, a C4-C,q alkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, and a naphthyl group.

5. An organic light-emitting device (10) according to any one of claims 1 to 4, wherein

the first compound is a compound represented by one of Formulae 1A, 1B, and 1C:
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Formula 1A

Formula 1B
e X
TN
(Rodar—— Ay | i Ay, T (Roaz
; 2 (Lopo—(Re)ar
(Re)as—— As | | As <—(Re)as
X3

Formula 1C
(R31)a31'”__

~, s‘,,-—-~%(R32)a32

Asz i

Agr i 4 Ag

(Rat)as1 (R42)as2

wherein, in Formulae 1A, 1B, and 1C,

Xyt0 Xy, AjtoAg, Ly, Ly, b2, Ry to R, and a1 to a7 are the same as described in connection with Formulae 1, 1-1,

1-2, and 1-3,

X31and X3, are each independently the same as described in connection with X5 in Formulae 1, 1-1,1-2,and 1-3,
A5, and As, are each independently the same as described in connection with A in Formulae 1, 1-1, 1-2,and 1-3,
A,,and A,, are each independently the same as described in connection with A, in Formulae 1, 1-1, 1-2,and 1-3,
R34 and R,, are each independently the same as described in connection with R5in Formulae 1, 1-1, 1-2,and 1-3,
R44and Ry, are each independently the same as described in connection with R in Formulae 1, 1-1, 1-2,and 1-3,
a31anda32 are each independently the same as described in connection witha3in Formulae 1, 1-1,1-2,and 1-3,

and

a41and a42 are each independently the same as described in connection with a4 in Formulae 1, 1-1,1-2, and 1-3.

6. An organic light-emitting device (10) according to any one of claims 1 to 5, wherein
the first compound is selected from Compounds BH2 to BH28:

c’tf ‘,
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7. An organic light-emitting device (10) according to any one of claims 1 to 6, wherein
M4 in Formulae 2A and 2B is selected from Pt, Pd, Cu, Ag, and Au.
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8. An organic light-emitting device (10) according to any one of claims 1 to 7, wherein

Ao and A5 in Formulae 2A and 2B are each independently represented by one selected from Formulae 2-1 to

(RayJpze

2-43:
Xz3
X5 N
Xz3 Rz Xaz, I
N Xz XA X xﬁ Xa1 N
| 7 (Ra1)p21 i [ g I (Re)ozs
Xat. R Xa1a )\ )\ X255 / |
ng N Rgg R21 N RQE x24 \
2.9 22 2-3 2-4 2-5
XQS: Rz
Xaz Xoq /

T
K21 Xos 2 / ‘\

J

(Roze R = MRotas (Ror)oas
2-8 2.7 2.8 -
Roy /R% Ry
ng ng X27 Xz 1 N X24 x26 N— X25
v \ Voo N L\ o
27 28 22. 25 24
X Rz Roq / % 2{ Y Ra1 X%
Ra2 Ra1
2"10 2_4’? 2_12 2_13 2-‘%4
REE
X24™ X%f N—X5
)\
Xo7=Xog T N Xou

\ Yo N N
Y/
R21/&\[/X28 XZ‘/?'\\ \ \ Q// l// XEﬁ
X329 (R21)b23 (R oo (R21}b2;\/

Raz
2-15 2-16 2-17 2-18
Xz?’xi\e Xos= Xg\s Roy X:z?'”x2\9
X8 X N N—X X
] N 25‘\\( Ry 2\5 Ror™ N2
N Xos
R d
= Ry 2 26 Rao
(Ra1)o23
. 2-20 2-21 222
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Xz'f"xz\g Xza“xz{s Xz?"xz\g ng-x;yf
Xog N Xag N
; A X5 Ny Rez I N X5 N TRy
P L// /«/,N L (= N
(Ra1)b23 (Ra1)p21 (Ro1)b23 (R21)b24
2-23 2-24 2-25 2-26
Kog™ X -
X4~ X2 X4~ X26 2 2\8 X1 X2\9
b -~ \NN X5 TN N~r,, N7 XL Xas
X2 X Rz Xﬁﬁ AN Rz 55 I
/ N N L
L/N _ N// Y ] /N =
(Ra1)b2d (R21)b24 Ry (Ra1)o24
2-27 2-28 2-29 2:30
Xo7~X29 R R R
X 21 ez Rt
NN Xaog Xog=Xa7 N Xo6—N Xo5=Xo4
| Xog  Xdo_ X N Y
L Ry sXs  Xao Xor Ny 2% o
K//;N N X3 X%
(R21)b2a
2-31 2-32 2-33 2-34 2-35

\ ~x 27~y X283 \
Ra1 2 2 Ra1
2-36 2-37 2-38 2-39 2-40
R22 Rop
R4 g\{ /
\F \ X725 R4
X }{29 Xﬁ
27~ ng 28. xz}? Rz;;
2-42 2-43

wherein, in Formulae 2-1 to 2-43,

X5 to X,3 are each independently selected from C(R,,) and C-*, wherein at least two of X, to X,5 are each C-*,
X54is N-*, and X,5 and X,¢ are each independently selected from C(R,,) and C-*, wherein atleast one of X,5 and

Xyg is C-*,

X57 and Xog are each independently selected from N, N(R,5), and N-*, and X, is selected from C(R,,) and C-*,
is C(Ryy),

wherein i) at least one of X, and X,g is N-* and X,q is C-*, or ii) X57 and X,g are each N-* and Xyq
R,4 to Ry5 are each independently the same as described in connection with R4 in Formula 1,
b21 is selected from 1, 2, and 3,

b22 is selected from 1, 2, 3, 4, and 5,

b23 is selected from 1, 2, 3, and 4,

b24 is selected from 1 and 2, and
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* indicates a binding site to a neighboring atom.
9. An organic light-emitting device (10) according to any one of claims 1 to 8, wherein,

in Formulae 2A and 2B,

Y41, Y42, @nd Y 5 are each C, and Y, is N;

Y41, Y40, @nd Y, are each C, and Y 3 is N;

Y41, iz, @and Y, are each C, and Y4, is N;

Y42, Yq3,and Y, are each C, and Y is N;

Y44 and Y, are each C, and Y, and Y5 are each N;
Y44 and Y,, are each N, and Y, and Y5 are each C;
Y41 and Y, are each C, and Y,5 and Y, are each N;
Y,1and Y4, are each N, and Y,5 and Y, are each C;
Y,1and Y5 are each C, and Y,, and Y, are each N; or
Y,1and Y45 are each N, and Y,, and Y, are each C.

10. An organic light-emitting device (10) according to any one of claims 1 to 9, wherein,

in Formulae 2A and 2B,

L4 and L,5 are each independently selected from *-O-*', *-S-*', *-N(R4g)-*’, a C,-C,q alkylene group, a C,-C,
alkenylene group, and a C,-C, alkynylene group,

Ryg is selected from:

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl
group, and a triazinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl
group, and a triazinyl group, each substituted with at least one selected from deuterium, -F, -Cl, -Br, -I, a
hydroxyl group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C4-C, alkyl group, a C4-C, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, an azulenyl group, a fluorenyl group, a spiro-fluorenyl group, a benzo-
fluorenyl group, a dibenzofluorenyl group, a phenanthrenyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group, and a triazinyl
group, and

L, is selected from:

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzo-
fluorene group, a dibenzofluorene group, a phenanthrenylene group, an anthracenylene group, a
pyrenylene group, a chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene
group, a pyridazinylene group, a quinolinylene group, an isoquinolinylene group, a quinoxalinylene
group, a quinazolinylene group, a carbazolylene group, and a triazinylene group; and

a phenylene group, a naphthylene group, a fluorenylene group, a spiro-fluorenylene group, a benzo-
fluorenylene group, adibenzofluorenylene group, a phenanthrenylene group, an anthracenylene group,
apyrenylene group, a chrysenylene group, a pyridinylene group, a pyrazinylene group, a pyrimidinylene
group, a pyridazinylene group, a quinolinylene group, an isoquinolinylene group, a quinoxalinylene
group, aquinazolinylene group, a carbazolylene group, and a triazinylene group, each substituted with at
least one selected from deuterium, -F, -Cl, - Br, -I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a salt thereof, a C4-C,q alkyl
group, a C,4-C, alkoxy group, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
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threnyl group, an anthracenyl group, a pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoindolyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carbazolyl group, and a triazinyl group.

11. An organic light-emitting device (10) according to any one of claims 1 to 10, wherein

a moiety represented by *~(L14)p14-(L16)b16-(L15)p15-" in Formulae 2A and 2B is represented by one selected
from Formulae 3-1 to 3-7:

. /\/D\_..\O ] /\/“”'\,,\S

A S S

* ¥ ' # #1
31 3z 3-3 a4
* 1] ® *p’ * e
35 35 3-F

wherein, in Formulae 3-1 to 3-7,
* and * each indicate a binding site to a neighboring atom.

12. An organic light-emitting device (10) according to any one of claims 1 to 11, wherein
R4 to Ryg in Formulae 2A and 2B are each independently selected from:

hydrogen, deuterium, -F, -Cl, -Br, -1, a cyano group, a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a sec-butyl group, and a tert-butyl group;

a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-
butyl group, and a tert-butyl group, each substituted with atleast one selected from deuterium, -F, -ClI, -Br, -, and a
cyano group; and

a phenyl group, a naphthyl group, and a pyridinyl group.

13. An organic light-emitting device (10) according to any one of claims 1 to 12, wherein
the second compound is selected from Compounds BD1 to BD25, wherein Phin Compounds BD1to BD25 indicates a
phenyl group:
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N-N N~N - N~N N~N N~N N-N =N NN
A 0 . N Nl
\N\/N/ \N\/N/ \N\/N/ N N o N
Pt Pt Pi Pt Pt
NC Lo} CN 0 o e} o
BD11 BD12 BD13 8014 BD15
N=N N-N N=N N-N N= N=N N = N=N N-N
NN N N NN NN NN
v N N N NN N W N NN N
Pt Pt Pt Pt PY
Ph o eh ~o o o 0 FiC o CF; "SI
PH Ph
BD16 BD17 BD18 BD19 BD20

BD21 BD22 BD23 BD24 BD25

14. An organic light-emitting device (10) according to any one of claims 1 to 13, wherein

the host further comprises a phosphine oxide-containing compound, and
the phosphine oxide-containing compound is different from the first compound.

15. An organic light-emitting device (10) according to any one of claims 1 to 14, wherein

the first electrode (110) is an anode,

the second electrode (190) is a cathode, and

the organic layer (150) further comprises a hole transport region between the first electrode (110) and the
emission layer and an electron transport region between the emission layer and the second electrode (190),
the hole transport region comprises atleast one selected from a hole injection layer, a hole transport layer, a buffer
layer, an emission auxiliary layer, and an electron blocking layer, and

the electron transport region comprises at least one selected from a hole blocking layer, an electron transport
layer, and an electron injection layer.

16. An organic light-emitting device (10) according to claim 15, wherein
the hole transport region comprises at least one of a hole injection layer and a hole transport layer, and
at least one of the hole injection layer and the hole transport layer comprises a p-dopant, or
the hole transport region comprises a single film comprising a p-dopant.

17. An organic light-emitting device (10) according to claim 15 or claim 16, wherein

the electron transport region comprises a hole blocking layer, and
the hole blocking layer comprises a phosphine oxide-containing compound or a silyl-containing compound.
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18. A flat-panel display apparatus comprising:

a thin film transistor comprising a source electrode, a drain electrode, and an active layer; and

an organic light-emitting device (10) according to any one of claims 1 to 17,

wherein the first electrode (110) of the organic light-emitting device (10) is electrically connected to one of the
source electrode and the drain electrode of the thin film transistor.

Patentanspriiche

Organische lichtemittierende Vorrichtung (10), umfassend:

eine erste Elektrode (110);

eine zweite Elektrode (190) gegenliber der ersten Elektrode (110); und

eine organische Schicht (150) zwischen der ersten Elektrode (110) und der zweiten Elektrode (190), und
umfassend eine Emissionsschicht,

wobei die Emissionsschicht einen Wirt und ein Dotierungsmittel umfasst, der Wirt eine durch die Formel 1
dargestellte erste Verbindung umfasst und das Dotierungsmittel eine durch die Formel 2A oder 2B dargestellte
zweite Verbindung umfasst, und

die erste Verbindung nicht 1,3-Di-9-Carbazolylbenzol (mCP) ist:

Formel 1 (CY)m1-(L)p1-(CY2)mo
Formel 1-1 Formel 1-2
*

."r -,‘:(/ 1.\\:«, .‘»‘ !‘,j V“‘f/N\r__, _“‘
(Ri)ar—— A | Ay T (Rade (Ra)gz—— As ! b AL S— (R
P g e Ny

Formel 1-3
*
><Lz)b2‘(R7)a7
Re)ss—— As | | As ——(Ro)s
- 4
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Formel 2A
(L1a)ora—{L1s)b1s—{L15)b15

Rinats (Ri2)at2

Formel 2B

(L1a)p1a—(L1s)ore(L15)p15

(L13) \M
13)b13 1
~N
T13/ Ti2 /

(R13)a13 (R12)a12

2

wobei in den Formeln 1, 1-1, 1-2, und 1-3

CY, und CY, jeweils unabhé&ngig voneinander eine durch eine der Formeln 1-1, 1-2 und 1-3 dargestellte Gruppe
sind,

m1 und m2 jeweils unabhangig voneinander 0, 1 oder 2 sind, wobei eine Summe von m1 und m2 2 ist,

L; und L, jeweils unabhangig voneinander ausgewahlt sind aus einer substituierten oder unsubstituierten
C5-C4o-Cycloalkylengruppe, einer substituierten oder unsubstituierten C,-C,-Heterocycloalkylengruppe, einer
substituierten oder unsubstituierten C5-C,-Cycloalkenylengruppe, einer substituierten oder unsubstituierten
C,-C4o-Heterocycloalkenylengruppe, einer substituierten oder unsubstituierten Cg-Cgy-Arylengruppe, einer
substituierten oder unsubstituierten C,-Cgq-Heteroarylengruppe, einer substituierten oder unsubstituierten
zweiwertigen nicht-aromatischen kondensierten polyzyklischen Gruppe, einer substituierten oder unsubstituier-
ten zweiwertigen nicht-aromatischen kondensierten heteropolyzyklischen Gruppe und -Si(Q4)(Qy)-,

b1 eine ganze Zahl von 0 bis 5 ist,

b2 eine ganze Zahl von 0 bis 4 ist,
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X, bis X, jeweils unabhangig voneinander ausgewahlt sind aus einer Einfachbindung, *-O-*, *-S-*, *-C(Rg)(Rg)-*',
*C(=0)-, *-B(Rg)(Rg)-", *N(Rg)-", *-P(Rg)-", and *-Si(Rg)(Rq)-",

die Ringe A; bis Ag jeweils unabhéngig voneinander eine C5-Cgy-carbozyklische Gruppe oder eine C,-Cgo-
heterozyklische Gruppe sind,

R, bis Rq jeweils unabhangig voneinander ausgewahlt sind aus Wasserstoff, Deuterium, -F, -Cl, -Br, -, einer
Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Aminogruppe, einer Amidinogruppe, einer Hyd-
razingruppe, einer Hydrazongruppe, einer Carbonsauregruppe oder einem Salz davon, einer Sulfonsaure-
gruppe oder einem Salz davon, einer Phosphorsauregruppe oder einem Salz davon, einer substituierten oder
unsubstituierten C4-Cgy-Alkylgruppe, einer substituierten oder unsubstituierten C,-Cgy-Alkenylgruppe, einer
substituierten oder unsubstituierten C,-Cgq-Alkinylgruppe, einer substituierten oder unsubstituierten C4-Cgy-Al-
koxygruppe, einer substituierten oder unsubstituierten C5-C,y-Cycloalkylgruppe, einer substituierten oder
unsubstituierten C4-C,y-Heterocycloalkylgruppe, einer substituierten oder unsubstituierten C5-C,,-Cycloalke-
nylgruppe, einer substituierten oder unsubstituierten C4-C,,-Heterocycloalkenylgruppe, einer substituierten
oder unsubstituierten Cg-Cgo-Arylgruppe, einer substituierten oder unsubstituierten Cg-Cgq-Aryloxygruppe,
einer substituierten oder unsubstituierten Cg-Cgy-Arylthiogruppe, einer substituierten oder unsubstituierten
C,-Cgg-Heteroarylgruppe, einer substituierten oder unsubstituierten einwertigen nicht-aromatischen konden-
sierten polyzyklischen Gruppe, einer substituierten oder unsubstituierten einwertigen nicht-aromatischen kon-
densierten heteropolyzyklischen Gruppe, -Si(Q4)(Q,)(Q3), -B(Q4)(Qy), -N(Q4)(Q,), -P(Q4)(Q,), -C(=0)(Q,),
-8(=0)(Qy), -8(=0),(Qy), -P(=0)(Q1)(Qy), und -P(=S)(Q4)(Q,),

a1 bis a7 jeweils unabhangig voneinander eine ganze Zahl von 1 bis 8 sind,

in den Formeln 2A und 2B:

M,, ausgewahltist aus Platin (Pt), Palladium (Pd), Kupfer (Cu), Silber (Ag), Gold (Au), Rhodium (Rh), Iridium
(Ir), Ruthenium (Ru), Osmium (Os), Titan (Ti), Zirkonium (Zr), Hafnium (Hf), Europium (Eu), Terbium (Tb) und
Thulium (Tm),

A, und A5 jeweils unabhangig voneinander aus einer C5-Cgg-carbozyklischen Gruppe und einer C4-Cgo-
heterozyklischen Gruppe ausgewahlt sind,

Y4 bis Y4 jeweils unabhangig voneinander N oder C sind,

Y54 bis Y,, jeweils unabhangig voneinander N oder C sind,

Y34 bis Y34 jeweils unabhangig voneinander N oder C sind, und

Y41 bis Y,5 jeweils unabhangig voneinander N oder C sind,

T44 bis T44 jeweils unabhéngig voneinander aus einer Einfachbindung, O und S ausgewahlt sind,

L4 bis L5 jeweils unabhéngig voneinander ausgewahlt sind aus einer Einfachbindung, *-O-*, *-S-*,
*C(R45)(Ryg)-", *-C(R15)=", *=C(R15)-", *-C(R45)=C(R4g)-", *-C(=0)-", *-C(=8)-", *-C=C-*, *-B(R45)-",
“N(Ry5)-, *-P(Ry5)-", *-Si(Ry5)(Ryg)-"", *-P(=0)(R15)(R16)-", und *-Ge(Ry5)(Ryg)-",

b11 bis b13 jeweils unabhangig voneinander eine ganze Zahl von 0 bis 3 sind,

wenn b11 0 ist, Y, oder Y,4 nicht mit A;, verbunden ist, wenn b12 0 ist, A;, und A,3 nicht miteinander
verbunden sind, und wenn b13 0 ist, A5 und Y3, nicht miteinander verbunden sind,

L4 bis L4g jeweils unabhéngig voneinander ausgewdhlt sind aus *-O-*, *-S-*', *-C(=0)-*, *-C(=S)-*,
*B(Ry7)-", “N(Rq7)-", * -P(Ry47)-", *-Si(R47)(R1g)-", *-P(=0)(R17)(Ryg)-", *-Ge(R47)(Ryg)-", einer zwei-
wertigen C,-C,, Kohlenwasserstoffgruppe, einer zweiwertigen Cg-Cgq carbozyklischen Gruppe und einer
zweiwertigen C,-Cgg-heterozyklischen Gruppe,

b14 und b15 jeweils unabhangig voneinander eine ganze Zahl von 1 bis 5 sind,

b16 eine ganze Zahl von 0 bis 5 ist,

wenn b16 0 ist, L4 eine Einfachbindung ist,

R44 bis Ryg jeweils unabhéngig voneinander ausgewahlt sind aus Wasserstoff, Deuterium, -F, -Cl, -Br, -,
einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Amidinogruppe, einer Hydrazinogrup-
pe, einer Hydrazonogruppe, einer substituierten oder unsubstituierten C,-Cgq-Alkylgruppe, einer substi-
tuierten oder unsubstituierten C,-Cgy-Alkenylgruppe, einer substituierten oder unsubstituierten C,-Cgy-Al-
kinylgruppe, einer substituierten oder unsubstituierten C,-Cgq-Alkoxygruppe, einer substituierten oder
unsubstituierten C5-C,,-Cycloalkylgruppe, einer substituierten oder unsubstituierten C4-C,,-Heterocyc-
loalkylgruppe, einer substituierten oder unsubstituierten C5-C,,-Cycloalkenylgruppe, einer substituierten
oder unsubstituierten C4-C,y-Heterocycloalkenylgruppe, einer substituierten oder unsubstituierten
Ce-Cgo-Arylgruppe, einer substituierten oder unsubstituierten Cg-Cgo-Aryloxygruppe, einer substituierten
oder unsubstituierten Cg-Cgq-Arylthiogruppe, einer substituierten oder unsubstituierten C4-Cgo-Heteroaryl-
gruppe, einer substituierten oder unsubstituierten C,-Cg,-Heteroaryloxygruppe, einer substituierten oder
unsubstituierten C,-Cgq-Heteroarylthiogruppe, einer substituierten oder unsubstituierten einwertigen nicht-
aromatischen kondensierten polyzyklischen Gruppe, einer substituierten oder unsubstituierten einwertigen
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nicht-aromatischen kondensierten heteropolyzyklischen Gruppe, -Si(Q4)(Q,)(Q3), -B(Q4)(Q5), -N(Q )(Qy), -
P(Q1)(Qy), -C(=0)(Q4), -S(=0)(Q4), -S(=0)2(Q4), -P(=0)(Q1)(Qy) und -P(=S)(Q1)(Qy),

RisundRy4; Rysund Ry5; Ry5und Ry3; oder Ry5 und Ry, optional verbunden sind, um eine substituierte oder
unsubstituierte C5-Cgy-carbozyklische Gruppe oder eine substituierte oder unsubstituierte C,-Cgy-hetero-
zyklische Gruppe zu bilden,

a11 bis a14 jeweils unabhangig voneinander eine ganze Zahl von 1 bis 8 sind,

*und * jeweils eine Bindungsstelle zu einem benachbarten Atom angeben,

mindestens ein Substituent der substituierten C5-C,,-Cycloalkylengruppe, der substituierten C;-C;y-He-
terocycloalkylengruppe, der substituierten C5-C,,-Cycloalkenylengruppe, der substituierten C4-C,,-Hete-
rocycloalkenylengruppe, der substituierten Cg-Cgo-Arylengruppe, der substituierten C4-Cg,-Heteroarylen-
gruppe, der substituierten zweiwertigen nicht-aromatischen kondensierten polyzyklischen Gruppe, der
substituierten zweiwertigen nicht-aromatischen kondensierten heteropolyzyklischen Gruppe, der substi-
tuierten C4-Cgo-Alkylgruppe, der substituierten C,-Cgq-Alkenylgruppe, der substituierten C,-Cgo-Alkinyl-
gruppe, der substituierten C;-Cgq-Alkoxygruppe, der substituierten C5-C,,-Cycloalkylgruppe, der substi-
tuierten C,4-C,y-Heterocycloalkylgruppe, der substituierten C5-C,4-Cycloalkenylgruppe, der substituierten
C,-C,g-Heterocycloalkenylgruppe, der substituierten Cg-Cgo-Arylgruppe, der substituierten Cg-Cgo-Arylo-
xygruppe, der substituierten Cg-Cgq-Arylthiogruppe, der substituierten C,-Cgy-Heteroarylgruppe, der sub-
stituierten einwertigen nicht-aromatischen kondensierten polyzyklischen Gruppe und der substituierten
einwertigen nicht-aromatischen kondensierten heteropolyzyklischen Gruppe ausgewahlt ist aus:

Deuterium, -F, -Cl, -Br, -1, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Amidino-
gruppe, einer Hydrazinogruppe, einer Hydrazonogruppe, einer C4-Cgy-Alkylgruppe, einer C,-Cgo-Al-
kenylgruppe, einer C,-Cgo-Alkinylgruppe und einer C4-Cgo-Alkoxygruppe;

einer C,-Cgo-Alkylgruppe, einer C,-Cgq-Alkenylgruppe, einer C,-Cgo-Alkinylgruppe und einer
C,-Cgo-Alkoxygruppe, jeweils substituiert mit mindestens einem aus den Folgenden ausgewahlten:
Deuterium, -F, -Cl, -Br, -1, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Amidino-
gruppe, einer Hydrazinogruppe und einer Hydrazonogruppe, einer C5-C,,-Cycloalkylgruppe, einer
C,-C,o-Heterocycloalkylgruppe, einer C,-C,4-Cycloalkenylgruppe, einer C,-C,,-Heterocycloalkenyl-
gruppe, einer Cg-Cgo-Arylgruppe, einer Cg-Cgo-Aryloxygruppe, einer Cg-Cgy-Arylthiogruppe, einer
C,-Cgo-Heteroarylgruppe, einer einwertigen nicht-aromatischen kondensierten polyzyklischen Gruppe,
einer einwertigen nicht-aromatischen kondensierten heteropolyzyklischen Gruppe, -Si(Q14)(Q42)(Q13),
-N(Q41)(Q12), -B(Q41)(Q12), -C(=0)(Q41), -S(=0)2(Q44), und -P(=0)(Q41)(Q42);

einer C5-C,4-Cycloalkylgruppe, einer C,-C,4-Heterocycloalkylgruppe, einer C5-C,,-Cycloalkenylgrup-
pe, einer C,-C;-Heterocycloalkenylgruppe, einer Cg-Cgo-Arylgruppe, einer Cg-Cgo-Aryloxygruppe,
einer Cg-Cgo-Arylthiogruppe, einer C;-Cgq-Heteroarylgruppe, einer einwertigen nicht-aromatischen
kondensierten polyzyklischen Gruppe, einer einwertigen nicht-aromatischen kondensierten hetero-
polyzyklischen Gruppe, einer Biphenylgruppe und einer Terphenylgruppe;

einer C5-C,4-Cycloalkylgruppe, einer C4-C,4-Heterocycloalkylgruppe, einer C5-C,4-Cycloalkenylgrup-
pe, einer C4-C,4-Heterocycloalkenylgruppe, einer Cg-Cgo-Arylgruppe, einer Cg-Cgo-Aryloxygruppe,
einer C4-Cgo-Arylthiogruppe, einer C4-Cgy-Heteroarylgruppe, einer einwertigen nicht-aromatischen
kondensierten polyzyklischen Gruppe und einer einwertigen nicht-aromatischen kondensierten hetero-
polyzyklischen Gruppe, jeweils substituiert mit mindestens einem aus den Folgenden ausgewahlten:
Deuterium, -F, -Cl, -Br, -1, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Amidino-
gruppe, einer Hydrazinogruppe, einer Hydrazonogruppe, einer C4-Cgo-Alkylgruppe, einer C,-Cgo-Al-
kenylgruppe, einer C,-Cgo-Alkinylgruppe, einer C4-Cg-Alkoxygruppe, einer C5-C4,-Cycloalkylgruppe,
einer C4-C4y-Heterocycloalkylgruppe, einer C5-C,,-Cycloalkenylgruppe, einer C4-C,,-Heterocycloal-
kenylgruppe, einer C¢-Cgo-Arylgruppe, einer Cg-Cgq-Aryloxygruppe, einer Cg-Cgo-Arylthiogruppe, einer
C,-Cgo-Heteroarylgruppe, einer einwertigen nicht-aromatischen kondensierten polyzyklischen Gruppe,
einer einwertigen nicht-aromatischen kondensierten heteropolyzyklischen Gruppe, ausgenommen
eine Carbazolylgruppe, -Si(Q21)(Q22)(Q23), -N(Q1)(Q25), -B(Q21)(Qy5), -C(=0)(Q54), -S(=0),(Q51),
and -P(=0)(Q,1)(Qy,); und

-Si(Q31)(Q32)(Q33), -N(Q31)(Q32), -B(Q31)(Q35), -C(=0)(Q31), -S(=0),(Q34) und -P(=0)(Q34)(Q3,), und
Q, bis Q3, Q41 bis Q43, Q,4 bis Qu3 und Q34 bis Q33 jeweils unabhangig voneinander aus Wasserstoff,
Deuterium, -F, -Cl, -Br, -1, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Amidino-
gruppe, einer Hydrazinogruppe, einer Hydrazonogruppe, einer C4-Cgo-Alkylgruppe, einer C,-Cgo-Al-
kenylgruppe, einer C,-Cgo-Alkinylgruppe, einer C;-Cgo-Alkoxygruppe, einer C5-C,-Cycloalkylgruppe,
einer C4-C4,-Heterocycloalkylgruppe, einer C5-C,,-Cycloalkenylgruppe, einer C4-C,,-Heterocycloal-
kenylgruppe, einer Cg-Cgq-Arylgruppe, einer mit einer C,-Cgq-Alkylgruppe substituierten Cg-Cgy-Aryl-
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gruppe, einer mit einer Cg-Cgo-Arylgruppe substituierten Cg-Cgo-Arylgruppe, einer Terphenylgruppe,
einer C4-Cgo-Heteroarylgruppe, einer mit einer C;-Cgq-Alkylgruppe substituierten C4-Cgy-Heteroaryl-
gruppe, einer mit einer Cg-Cgo-Arylgruppe substituierten C4-Cgy-Heteroarylgruppe, einer einwertigen
nicht-aromatischen kondensierten polyzyklischen Gruppe und einer einwertigen nicht-aromatischen
kondensierten heteropolyzyklischen Gruppe ausgewahlt sind.

2. Organische lichtemittierende Vorrichtung (10) nach Anspruch 1, wobei
L; und L, in den Formeln 1, 1-1, 1-2 und 1-3 jeweils unabhé&ngig voneinander ausgewahlt sind aus:

einer Phenylengruppe, einer Naphthylengruppe, einer Fluorenylengruppe, einer Spirofluorenylengruppe, einer
Benzofluorengruppe, einer Dibenzofluorengruppe, einer Phenanthrenylengruppe, einer Anthracenylengruppe,
einer Pyrenylengruppe, einer Chrysenylengruppe, einer Pyridinylengruppe, einer Pyrazinylengruppe, einer
Pyrimidinylengruppe, einer Pyridazinylengruppe, einer Chinolinylengruppe, einer Isochinolinylengruppe, einer
Chinoxalinylengruppe, einer Chinazolinylengruppe, einer Carbazolylengruppe und einer Triazinylengruppe;
einer Phenylengruppe, einer Naphthylengruppe, einer Fluorenylengruppe, einer Spirofluorenylengruppe, einer
Benzofluorenylengruppe, einer Dibenzofluorenylengruppe, einer Phenanthrenylengruppe, einer Anthraceny-
lengruppe, einer Pyrenylengruppe, einer Chrysenylengruppe, einer Pyridinylengruppe, einer Pyrazinylengrup-
pe, einer Pyrimidinylengruppe, einer Pyridazinylengruppe, einer Chinolinylengruppe, einer Isochinolinylen-
gruppe, einer Chinoxalinylengruppe, einer Chinazolinylengruppe, einer Carbazolylengruppe und einer Triazi-
nylengruppe, jeweils substituiert mit mindestens einem aus den Folgenden ausgewahlten: Deuterium, -F, -Cl, -Br,
-1, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Aminogruppe, einer Amidinogruppe, einer
Hydrazingruppe, einer Hydrazongruppe, einer Carbonsauregruppe oder einem Salz davon, einer Sulfonsaure-
gruppe oder einem Salz davon, einer Phosphorsauregruppe oder einem Salz davon, einer C;-C,y-Alkylgruppe,
einer C4-C,y-Alkoxygruppe, einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe, einer Naphthyl-
gruppe, einer Fluorenylgruppe, einer Spirofluorenylgruppe, einer Benzofluorenylgruppe, einer Dibenzofluore-
nylgruppe, einer Phenanthrenylgruppe, einer Anthracenylgruppe, einer Pyrenylgruppe, einer Chrysenylgruppe,
einer Pyridinylgruppe, einer Pyrazinylgruppe, einer Pyrimidinylgruppe, einer Pyridazinylgruppe, einer Isoindolyl-
gruppe, einer Chinolinylgruppe, einer Isochinolinylgruppe, einer Chinoxalinylgruppe, einer Chinazolinylgruppe,
einer Carbazolylgruppe und einer Triazinylgruppe; und

-Si(Q4)(Qsg)-, und

wobei Q, und Qg jeweils unabhéngig voneinander ausgewéhlt sind aus:

einer C4-C,4-Alkylgruppe, einer C4-C,,-Alkoxygruppe und einer Phenylgruppe; und

einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe und einer Naphthylgruppe, jeweils
substituiert mit mindestens einem aus den Folgenden ausgewahlten. Deuterium, -F, -Cl, -Br, -I, einer
Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer C4-C,4-Alkylgruppe, einer C,-C,,-Alkoxy-
gruppe, einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe und einer Naphthylgruppe.

3. Organische lichtemittierende Vorrichtung (10) nach Anspruch 1 oder Anspruch 2, wobei

A, bis Ag in den Formeln 1-1, 1-2 und 1-3 jeweils unabhangig voneinander ausgewahlt sind aus einem
Benzolring, einem Naphthalinring, einem Pyridinring, einem Pyrimidinring, einem Pyrazinring, einem Pyridazin-
ring, einem Triazinring, einem Chinolinring, einem Isochinolinring, einem Chinoxalinring, einem Chinazolinring
und einem durch die Formel 4 dargestellten Ring:

Formel 4

Xs

Xg

wobei in Formel 4:

X5 und Xz jeweils unabhéngig voneinander ausgewahlt sind aus *-O-*, *-S-*, *-C(Rg)(Rg)-*', *-C(=0)-*,
*-B(Rg)(Rg)-", *-N(Rg)-*, *-P(Rg)-*" und *-Si(Rg)(Rg)-*", und
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Rg und Ry die gleichen sind wie im Zusammenhang mit den Formeln 1, 1-1, 1-2 und 1-3 beschrieben.

4. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 3, wobei
R, bis Rg in den Formeln 1-1, 1-2 und 1-3 jeweils unabhé&ngig voneinander ausgewahlt sind aus:

Wasserstoff, Deuterium, -F, -Cl, -Br, -I, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer
Aminogruppe, einer Amidinogruppe, einer Hydrazingruppe, einer Hydrazongruppe, einer Carbonsauregruppe
oder einem Salz davon, einer Sulfonsduregruppe oder einem Salz davon, einer Phosphorsauregruppe oder
einem Salz davon, einer C,-Cgy-Alkylgruppe, einer C,-Cgo-Alkenylgruppe, einer C,-Cgo-Alkinylgruppe, einer
C4-Cgg-Alkoxygruppe, einer Phenylgruppe, einer Naphthylgruppe, einer Fluorenylgruppe, einer Pyrenylgruppe,
einer Phenalenylgruppe, einer Phenanthrenylgruppe, einer Anthracenylgruppe, einer Fluoranthenylgruppe,
einer Triphenylenylgruppe, einer Pyrazolylgruppe, einer Imidazolylgruppe, einer Benzimidazolylgruppe, einer
Pyridinylgruppe, einer Pyrimidylgruppe, einer Chinolinylgruppe, einer Isochinolinylgruppe, einer Benzochino-
linylgruppe, einer Naphthyridinylgruppe, einer Chinoxalinylgruppe, einer Chinazolinylgruppe, einer Carbazolyl-
gruppe, einer Phenanthridinylgruppe, einer Acridinylgruppe, einer Phenanthrolinylgruppe, einer Phenazinyl-
gruppe, einer Triazinylgruppe, einer Dibenzofuranylgruppe, einer Dibenzothiophenylgruppe, einer Biphenyl-
gruppe und einer Terphenylgruppe;

einer Phenylgruppe, einer Naphthylgruppe, einer Fluorenylgruppe, einer Pyrenylgruppe, einer Phenalenyl-
gruppe, einer Phenanthrenylgruppe, einer Anthracenylgruppe, einer Fluoranthenylgruppe, einer Triphenylenyl-
gruppe, einer Pyrazolylgruppe, einer Imidazolylgruppe, einer Benzimidazolylgruppe, einer Pyridinylgruppe,
einer Pyrimidylgruppe, einer Chinolinylgruppe, einer Isochinolinylgruppe, einer Benzochinolinylgruppe, einer
Naphthyridinylgruppe, einer Chinoxalinylgruppe, einer Chinazolinylgruppe, einer Carbazolylgruppe, einer Phe-
nanthridinylgruppe, einer Acridinylgruppe, einer Phenanthrolinylgruppe, einer Phenazinylgruppe, einer Triazi-
nylgruppe, einer Dibenzofuranylgruppe, einer Dibenzothiophenylgruppe, einer Biphenylgruppe und einer Ter-
phenylgruppe, jeweils substituiert mit mindestens einem aus den Folgenden ausgewahlten: Deuterium, -F, -ClI, -
Br, -1, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer Methylgruppe, einer Ethylgruppe, einer
Propylgruppe, einer Isobutylgruppe, einer sec-Butylgruppe, einer ter-Butylgruppe, einer Pentylgruppe, einer
Isoamylgruppe, einer Hexylgruppe, einer C,-Cg,-Alkoxygruppe, einer Cyclopentylgruppe, einer Cyclohexyl-
gruppe, einer Cycloheptylgruppe, einer Cyclopentenylgruppe, einer Cyclohexenylgruppe, einer Phenylgruppe,
einer Naphthylgruppe, einer Fluorenylgruppe, einer Pyrenylgruppe, einer Phenalenylgruppe, einer Phenanth-
renylgruppe, einer Anthracenylgruppe, einer Fluoranthenylgruppe, einer Triphenylenylgruppe, einer Pyrazolyl-
gruppe, einer Imidazolylgruppe, einer Benzimidazolylgruppe, einer Pyridinylgruppe, einer Pyrimidylgruppe,
einer Chinolinylgruppe, einer Isochinolinylgruppe, einer Benzochinolinylgruppe, einer Naphthyridinylgruppe,
einer Chinoxalinylgruppe, einer Chinazolinylgruppe, einer Carbazolylgruppe, einer Phenanthridinylgruppe,
einer Acridinylgruppe, einer Phenanthrolinylgruppe, einer Phenazinylgruppe, einer Triazinylgruppe, einer Diben-
zofuranylgruppe, einer Dibenzothiophenylgruppe, einer Biphenylgruppe und einer Terphenylgruppe; und
-Si(Q4)(Q5)(Qg) und -P(=0)(Q4)(Qs5), und

wobei Q4 bis Qg jeweils unabhéngig voneinander ausgewahlt sind aus:

einer C4-C4o-Alkylgruppe, einer C,-C,,-Alkoxygruppe und einer Phenylgruppe; und

einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe und einer Naphthylgruppe, jeweils
substituiert mit mindestens einem aus den Folgenden ausgewahlten: Deuterium, -F, -Cl, -Br, -I, einer
Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer C4-C,4-Alkylgruppe, einer C,-C,,-Alkoxy-
gruppe, einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe und einer Naphthylgruppe.

5. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 4, wobei

die erste Verbindung eine Verbindung ist, die durch eine der Formeln 1A, 1B und 1C dargestellt wird:
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wobei in den Formeln 1A, 1B und 1C

Xy bis X4, Aqbis Ag, L4, Ly, b2, Ry bis R;und a1 bis a7 die gleichen sind wie im Zusammenhang mitden Formeln 1,
1-1, 1-2, und 1-3 beschrieben,

X34 und X3, sind jeweils unabhangig voneinander die gleichen sind wie im Zusammenhang mit X5 inden Formeln
1, 1-1, 1-2, und 1-3 beschrieben,

A4 und As, jeweils unabhangig voneinander die gleichen sind wie im Zusammenhang mit A, in den Formeln 1,
1-1, 1-2, und 1-3 beschrieben,

A,4 und Ay, jeweils unabhéngig voneinander die gleichen sind wie im Zusammenhang mit A, in den Formeln 1,
1-1, 1-2, und 1-3 beschrieben,

R34 und Rj, jeweils unabhangig voneinander die gleichen sind wie im Zusammenhang mit R in den Formein 1,
1-1, 1-2, und 1-3 beschrieben,

R,41 und Ry, jeweils unabhangig voneinander die gleichen sind wie im Zusammenhang mit R, in den Formeln 1,
1-1, 1-2, und 1-3 beschrieben,

a31 und a32 jeweils unabhangig voneinander die gleichen sind wie im Zusammenhang mit a3 in den Formeln 1,
1-1, 1-2, und 1-3 beschrieben, und

a41 und a42 jeweils unabhangig voneinander die gleichen sind wie im Zusammenhang mit a4 in den Formeln 1,
1-1, 1-2, und 1-3 beschrieben.

6. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 5, wobei
die erste Verbindung ausgewahlt ist aus den Verbindungen BH2 bis BH28:
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BH25 BH26 BH27 BHZ8

Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 6, wobei
M, in den Formeln 2A und 2B ausgewahlt ist aus Pt, Pd, Cu, Ag und Au.

Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 7, wobei

Ajound A5 inden Formeln 2A und 2B jeweils unabhéngig voneinander durch eine aus den Formeln 2-1 bis 2-43

ausgewahlte Verbindung dargestellt sind:

Xa3 Ray X,
N XZ X7 Ao
I 7 (Ra1dnzy j I |
o, _zXos X2 )\\\ /k
2{ \N REZ Rg-; M Rgg
(Rm)bzz
2.1 2-2 2-3 2-4 2.5
Rap
21 /
Xy N N X5

(Rodnaz Rz (Roqlnes
26 27 28 2.9
Raq /Rzz Ra2
728 \ Xag=Xo7 X21—N Xoa~ xi{s N— ng
X274 R, R / P Xzfé N X2/5 N RN Ko
X4 22 Ra xZ Y X5
Ra2 Ra
2-10 2-11 2-12 2-13 2-14
Xzs"xi\ﬁ N X5
A\
Xo7=Xag T N X
\\X ;(28 \ p X35 N ] N
R N2 Xy s E// / X2g
X3y R &
Roo Rarhzs - (Reoa (Ra1)bs
2-15 2-16 2-17 2-18
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ng-x%? )/(24~ng Roy Xz}"xz\g
X “N—
{ N 28 Xog Y Nee Ry» /AN X2\5 Rﬁ/% Xog
N Xoa
R
/ / RE? 21 ng' R22
(Ra1)p2s
2-19 2:20 2-21 2-22
X:z-.f“xz\g Xz:a"xz\s Xzy"xz\s\ X24—X2{3
X N Xag N
l b Xiﬁ o e l N X5 N TRy
/ = / = A/N L (= N
(Ra1)o23 (Ra1)p21 (Ro1)b23 (Ra1)b24
2-23 2-24 2-25 2-26
Kog= X -
X4 X268 Xo4=X26 2 2\6 Xor Xz\g
\N\ N X \ N\Rgg N \ X28
X5 N Rz2 >‘f§5 N Raz 7P i
[ NN L
L/N / N N ) AP
(Ra1)o24 (Ra1)o24 Ry (Rat)b2a
227 2-28 229 2-30
Xa7=X29 R R R
sﬁ)( Kog—X A N/ “ X N/ ) Xog=X
28 20~ Xo7 26~ 25~ X24
NTON /4 \ ;/ \ /N A
ﬁ Ry pXw X X X5 N X N
/\///(N N X28 X24 N
(Ro1)b24
2-31 2-32 2-33 2-34 2-35
/x ,,-Xz 21 X
2 VNV RO T
I 26 Y N Y \\)2 X5~ \ I Xos Sao
~N l 29 | 20 Ra1 "N X
Nee/ / X \ 28
\ Xosg 7T~ Xo8 %' X37
Roq Rz
2-36 2-37 2-38 2-39 2-40 2-41
Ro2 Rz
Rz f\{ /
Y \ X235 Ra21
/3’,(29 Xii
7"~Xz 2'x5  Ros
2-42 2-43

wobei in den Formeln 2-1 bis 2-43
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X5 bis X535 jeweils unabhéngig voneinander aus C(R,,) und C-* ausgewahlt sind, wobei mindestens zweivon X,
bis X,3 jeweils C-* sind,

Xo4 N-"ist und X55 und X,g jeweils unabhéngig voneinander ausgewéhit sind aus C(R,,) und C-*, wobei
mindestens eines von X,s und X, C-* ist,

X57 und Xog jeweils unabhéngig voneinander aus N, N(R,5) und N-* ausgewahlt sind und X,4 aus C(R,4) und C-*
ausgewahlt ist, wobei i) mindestens eines von X,7 und X,g N-* ist und X, C-* ist, oder i) X,7 und X,g jeweils N-*
sind und X5 C(Ryy,) ist,

R, bis Ry5 jeweils unabhangig voneinander die gleichen sind wie im Zusammenhang mit Ry; in Formel 1
beschrieben,

b21 ausgewahlt ist aus 1, 2 und 3,

b22 ausgewahlt ist aus 1, 2, 3, 4 und 5,

b23 ausgewahlt ist aus 1, 2, 3 und 4,

b24 ausgewahlt ist aus 1 und 2, und

* eine Bindungsstelle zu einem benachbarten Atom angibt.

9. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 8, wobei
in den Formeln 2A und 2B:

Y41, Y4 und Y5 jeweils C sind und Y, N ist;

Y41, Y12 und Y4, jeweils C sind und Y5 N ist;

Y41, Yq3 und Y4, jeweils C sind und Y, N ist;

Y42, Y43 und Y, jeweils C sind und Y4 N ist;

Y44 und Y,, jeweils C sind und Y, und Y5 jeweils N sind,

Y44 und Y4, jeweils N sind und Y, und Y5 jeweils C sind;

Y41 und Y, jeweils C sind und Y,5 und Y, jeweils N sind;

Y41 und Y, jeweils N sind und Y45 und Y, jeweils C sind;

Y44 und Y, 5 jeweils C sind und Y, und Y, jeweils N sind; oder
Y44 und Y, jeweils N sind und Y, und Y, jeweils C sind.

10. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 9, wobei

in den Formeln 2A und 2B

L4 undL,5jeweils unabhéngig voneinander ausgewéhlt sind aus *-O-*', *-S-*", *-N(R4)-"’, einer C,-C,y-Alkylen-
gruppe, einer C,-Coy-Alkenylengruppe und einer C,-C,-Alkinylengruppe,

R4g ausgewahlt ist aus:

einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe, einer Naphthylgruppe, einer Fluorenyl-
gruppe, einer Spirofluorenylgruppe, einer Benzofluorenylgruppe, einer Dibenzofluorenylgruppe, einer
Phenanthrenylgruppe, einer Anthracenylgruppe, einer Pyrenylgruppe, einer Chrysenylgruppe, einer Pyri-
dinylgruppe, einer Pyrazinylgruppe, einer Pyrimidinylgruppe, einer Pyridazinylgruppe, einer Chinolinyl-
gruppe, einer Isochinolinylgruppe, einer Chinoxalinylgruppe, einer Chinazolinylgruppe, einer Carbazolyl-
gruppe und einer Triazinylgruppe; und

einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe, einer Naphthylgruppe, einer Fluorenyl-
gruppe, einer Spirofluorenylgruppe, einer Benzofluorenylgruppe, einer Dibenzofluorenylgruppe, einer
Phenanthrenylgruppe, einer Anthracenylgruppe, einer Pyrenylgruppe, einer Chrysenylgruppe, einer Pyri-
dinylgruppe, einer Pyrazinylgruppe, einer Pyrimidinylgruppe, einer Pyridazinylgruppe, einer Chinolinyl-
gruppe, einer Isochinolinylgruppe, einer Chinoxalinylgruppe, einer Chinazolinylgruppe, einer Carbazolyl-
gruppe und einer Triazinylgruppe, jeweils substituiert mit mindestens einem aus den Folgenden ausge-
wahlten: Deuterium, -F, -Cl, -Br, -I, einer Hydroxylgruppe, einer Cyanogruppe, einer Nitrogruppe, einer
Aminogruppe, einer Amidinogruppe, einer Hydrazingruppe, einer Hydrazongruppe, einer Carbonsaure-
gruppe oder einem Salz davon, einer Sulfonsduregruppe oder einem Salz davon, einer Phosphorsaure-
gruppe oder einem Salz davon, einer C,-C,4-Alkylgruppe, einer C,-C,,-Alkoxygruppe, einer Phenylgruppe,
einer Biphenylgruppe, einer Terphenylgruppe, einer Naphthylgruppe, einer Azulenylgruppe, einer Fluorenyl-
gruppe, einer Spirofluorenylgruppe, einer Benzofluorenylgruppe, einer Dibenzofluorenylgruppe, einer
Phenanthrenylgruppe, einer Anthracenylgruppe, einer Pyrenylgruppe, einer Chrysenylgruppe, einer Pyri-
dinylgruppe, einer Pyrazinylgruppe, einer Pyrimidinylgruppe, einer Pyridazinylgruppe, einer Chinolinyl-
gruppe, einer Isochinolinylgruppe, einer Chinoxalinylgruppe, einer Chinazolinylgruppe, einer Carbazolyl-
gruppe, und einer Triazinylgruppe, und
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L, ausgewahlt ist aus:

einer Phenylengruppe, einer Naphthylengruppe, einer Fluorenylengruppe, einer Spirofluorenylengrup-
pe, einer Benzofluorengruppe, einer Dibenzofluorengruppe, einer Phenanthrenylengruppe, einer
Anthracenylengruppe, einer Pyrenylengruppe, einer Chrysenylengruppe, einer Pyridinylengruppe,
einer Pyrazinylengruppe, einer Pyrimidinylengruppe, einer Pyridazinylengruppe, einer Chinolinylen-
gruppe, einer Isochinolinylengruppe, einer Chinoxalinylengruppe, einer Chinazolinylengruppe, einer
Carbazolylengruppe und einer Triazinylengruppe; und

einer Phenylengruppe, einer Naphthylengruppe, einer Fluorenylengruppe, einer Spirofluorenylengrup-
pe, einer Benzofluorenylengruppe, einer Dibenzofluorenylengruppe, einer Phenanthrenylengruppe,
einer Anthracenylengruppe, einer Pyrenylengruppe, einer Chrysenylengruppe, einer Pyridinylengrup-
pe, einer Pyrazinylengruppe, einer Pyrimidinylengruppe, einer Pyridazinylengruppe, einer Chinoliny-
lengruppe, einer Isochinolinylengruppe, einer Chinoxalinylengruppe, einer Chinazolinylengruppe, einer
Carbazolylengruppe und einer Triazinylengruppe, jeweils substituiert mit mindestens einem aus den
Folgenden ausgewahlten: Deuterium, -F, -Cl, -Br, -I, einer Hydroxylgruppe, einer Cyanogruppe, einer
Nitrogruppe, einer Aminogruppe, einer Amidinogruppe, einer Hydrazingruppe und einer Hydrazon-
gruppe, einer Carbonsauregruppe oder einem Salz davon, einer Sulfonsduregruppe oder einem Salz
davon, einer Phosphorsauregruppe oder einem Salz davon, einer C;-C,-Alkylgruppe, einer C4-C,,-Al-
koxygruppe, einer Phenylgruppe, einer Biphenylgruppe, einer Terphenylgruppe, einer Naphthylgruppe,
einer Fluorenylgruppe, einer Spirofluorenylgruppe, einer Benzofluorenylgruppe, einer Dibenzofluore-
nylgruppe, einer Phenanthrenylgruppe, einer Anthracenylgruppe, einer Pyrenylgruppe, einer Chryse-
nylgruppe, einer Pyridinylgruppe, einer Pyrazinylgruppe, einer Pyrimidinylgruppe, einer Pyridazinyl-
gruppe, einer Isoindolylgruppe, einer Chinolinylgruppe, einer Isochinolinylgruppe, einer Chinoxalinyl-
gruppe, einer Chinazolinylgruppe, einer Carbazolylgruppe und einer Triazinylgruppe.

11. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 10, wobei

ein Anteil, der durch *-(L44)p14-(L16)p16-(L15)p15-" in den Formeln 2A und 2B dargestellt wird, durch eine aus den
Formeln 3-1 bis 3-7 ausgewahlte Formel dargestellt wird:

~ N . /\/S\_.,\S

0
A S A D S
31 3-2 3-3 24
* #1 * wi’ * w’
3-5 95 3-F

wobei in den Formeln 1-3 bis 3-7
*und * jeweils eine Bindungsstelle zu einem benachbarten Atom angeben.

12. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 11, wobei
R44 bis R4g in den Formeln 2A und 2B jeweils unabhangig voneinander ausgewanhlt sind aus:

Wasserstoff, Deuterium, -F, -Cl, -Br, -I, einer Cyanogruppe, einer Methylgruppe, einer Ethylgruppe, einer n-
Propylgruppe, einer Isopropylgruppe, einer n-Butylgruppe, einer Isobutylgruppe, einer sec-Butylgruppe und
einer tert-Butylgruppe;

einer Methylgruppe, einer Ethylgruppe, einer n-Propylgruppe, einer Isopropylgruppe, einer n-Butylgruppe, einer
Isobutylgruppe, einer sec-Butylgruppe und einer tert-Butylgruppe, jeweils substituiert mit mindestens einem aus
den Folgenden ausgewahlten: Deuterium, -F, -Cl, -Br, -1 und einer Cyanogruppe; und

einer Phenylgruppe, einer Naphthylgruppe und einer Pyridinylgruppe.
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13. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 12, wobei

die zweite Verbindung ausgewahlt ist aus den Verbindungen BD1 bis BD25, wobei Ph in den Verbindungen BD1 bis

BD25 eine Phenylgruppe angibt:

N-N  N-N N-N N-N N-N  N-N N-N NN N-N
NN N N NN NN N
N N\ S RN \ 7 P4 Y \ 7 7 N \ S 4 N/ 2
Pt Pt pf Pt
N
o o} o /Sll o} S!n\ F (o)
BD1 BD2 BD3 BD4 BD5

N-N NN N-N N-N
SN Nz L\N)\ /(N/’\
Pt P
sbeINsSe
N 2 o N P o B
BD6 BD7
te)
N
02 So
- N-N N~N i
i Ay AM 'qll
S N\ /N » N N Z
Pt P
NC 0 CN o
BD11 BD12
N=N =N =N -
N N
NN N 7
P P
Ph 0 eh ™o o o~
BD16 BD17
\E\i Nll
BD21 BD22 BH23 BD24

14. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 13, wobei

der Wirt ferner eine phosphinoxidhaltige Verbindung umfasst, und
die phosphinoxidhaltige Verbindung von der ersten Verbindung verschieden ist.
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15. Organische lichtemittierende Vorrichtung (10) nach einem der Anspriiche 1 bis 14, wobei

die erste Elektrode (110) eine Anode ist,

die zweite Elektrode (190) eine Kathode ist, und

die organische Schicht (150) ferner eine Lochtransportregion zwischen der ersten Elektrode (110) und der
Emissionsschichtund eine Elektronentransportregion zwischen der Emissionsschichtund der zweiten Elektrode
(190) umfasst,

die Lochtransportregion mindestens eine aus einer Lochinjektionsschicht, einer Lochtransportschicht, einer
Pufferschicht, einer Emissionshilfsschicht und einer Elektronensperrschicht ausgewahlte Schicht umfasst, und
die Elektronentransportregion mindestens eine aus einer Lochsperrschicht, einer Elektronentransportschicht
und einer Elektroneninjektionsschicht ausgewahlte Schicht umfasst.

16. Organische lichtemittierende Vorrichtung (10) nach Anspruch 15, wobei

die Lochtransportregion mindestens eine von einer Lochinjektionsschicht und einer Lochtransportschicht
umfasst, und

mindestens eine von der Lochinjektionsschicht und der Lochtransportschicht ein p-Dotierungsmittel umfasst,
oder

die Lochtransportregion einen einzelnen Film umfasst, der ein p-Dotierungsmittel umfasst.

17. Organische lichtemittierende Vorrichtung (10) nach Anspruch 15 oder Anspruch 16, wobei

die Elektronentransportregion eine Lochsperrschicht umfasst, und
die Lochsperrschicht eine phosphinoxidhaltige Verbindung oder eine silylhaltige Verbindung umfasst.

18. Anzeigeeinrichtung mit flacher Tafel, umfassend:

einen Dunnfilmtransistor, der eine Source-Elektrode, eine Drain-Elektrode und eine aktive Schicht umfasst; und
eine organische lichtemittierende Vorrichtung (10) nach einem der Anspruche 1 bis 17,

wobei die erste Elektrode (110) der organischen lichtemittierenden Vorrichtung (10) elektrisch mit einer aus der
Source-Elektrode und der Drain-Elektrode des Dinnfilmtransistors verbunden ist.

Revendications

Dispositif électroluminescent organique (10) comprenant :

une premiére électrode (110) ;

une seconde électrode (190) qui fait face a la premiere électrode (110) ; et

une couche organique (150) entre la premiére électrode (110) et la seconde électrode (190) et comprenant une
couche d’émission,

dans lequel la couche d’émission comprend un héte et un dopant, I'héte comprend un premier composé
représenté par la Formule 1 et le dopant comprend un second composé représenté par la Formule 2A ou
2B, et

le premier composé n’est pas 1,3-di-9-carbazolylbenzéne (mCP) :

Formule 1 (CY D1 (L)p1(CY2)m2
Formule 1-1 Formule 1-2
|
(Ri)ar—— Ay P Ay T (Ra)a (Ra)z—— As ! b AL Ry
X3 e * X3 -
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Formule 1-3
*
><L2)b2'(R7)a7
Redas—~ A e R
Xa
Formule 2A

(L14)p1a—(L1s)b1s—(L15)b15

(R14)a14 '\{33 ",~Y23

’

.- R
\ Yag Yii /( 11)a11
Yay

(R12)a12

Formule 2B

(L14)o1a—(L1gdb1s~(L15)o15

(Ri4)a14 N, \Y44. .

. . Ya3
. 'Y34 \(‘45 '-/(Rﬂ)aﬂ

: i Naz
L Y 14 Y11._ rd

Yas3 Y,

/31 \T T/ 41

14 11
/\ / (L)1
~N

T13 Ty2
i AT YT

kY
+ X
' T

[OA T~ — " Ap

/ (L12)p12

dans lequel, dans les Formules 1, 1-1, 1-2 et 1-3,

CY, et CY, sont chacun de maniére indépendante un groupe représenté par 'une des Formules 1-1, 1-2 et 1-3,
m1 et m2 sont chacun de maniéere indépendante 0, 1 ou 2, dans lequel une somme de m1 et m2 est 2,

L, et L, sont chacun de maniére indépendante sélectionnés parmi un groupe C3-C, cycloalkylene substitué ou
non substitué, un groupe C4-C,, hétérocycloalkyléne substitué ou non substitué, un groupe C3-C, cycloalké-
nyléne substitué ou non substitué, un groupe C4-C,, hétérocycloalkényléne substitué ou non substitué, un
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groupe Cg-Cg aryléne substitué ou non substitué, un groupe C,-Cg hétéroaryléne substitué ou non substitué,
un groupe polycyclique condensé non aromatique divalent substitué ou non substitué, un groupe hétéropolycy-
clique condensé non aromatique divalent substitué ou non substitué et -Si(Q4)(Q,)-,

b1 est un entierde 0 a 5,

b2 est un entier de 0 a 4,

X, & X, sontchacun de maniére indépendante sélectionnés parmi une liaison simple, *-O-*, *-S-*, *-C(Rg)(Rg)-*,
*C(=0)-", *B(Rg)(Rg)-"", *N(Rg)-", *-P(Rg)-"", et *-Si(Rg)(Rg)-"",

les cycles A a Ag sont chacun de maniére indépendante un groupe C5-Cgq carbocyclique ou un groupe C,-Cg
hétérocyclique,

R & Rg sont chacun de maniére indépendante sélectionnés parmi hydrogéne, deutérium, -F, -Cl, -Br, -I, un
groupe hydroxyle, un groupe cyano, un groupe nitro, un groupe amino, un groupe amidino, un groupe hydrazine,
un groupe hydrazone, un groupe acide carboxylique ou un sel de celui-ci, un groupe acide sulfonique ou un selde
celui-ci, un groupe acide phosphorique ou un sel de celui-ci, un groupe C,-Cg alkyle substitué ou non substitué,
un groupe C,-Cg alkényle substitué ou non substitué, un groupe C,-Cgq alkynyle substitué ou non substitué, un
groupe C4-Cgq alcoxy substitué ou non substitué, un groupe C5-C, cycloalkyle substitué ou non substitué, un
groupe C4-C, hétérocycloalkyle substitué ou non substitué, un groupe C5-C, cycloalkényle substitué ou non
substitué, ungroupe C4-C,, hétérocycloalkényle substitué ou non substitué, un groupe Cg-Cg aryle substitué ou
non substitué, un groupe Cg-Cgq aryloxy substitué ou non substitué, un groupe Cg-Cg arylthio substitué ou non
substitué, un groupe C4-Cg hétéroaryle substitué ou non substitué, un groupe polycyclique condensé non
aromatique monovalent substitué ou non substitué, un groupe hétéropolycyclique condensé non aromatique
monovalent substitué ou non substitué, -Si(Q)(Q,)(Q3), -B(Q)(Qy), -N(Q4)(Q,), -P(Q1)(Q,), -C(=0)(Q4),
-S(=0)(Q4), -S(=0),(Q4), -P(=0)(Q4)(Qyp) et -P(=S)(Q4)(Qy),

a1l a a7 sont chacun de maniére indépendante un entier de 1 a 8,

dans les Formules 2A et 2B,

M, est sélectionné parmi platine (Pt), palladium (Pd), cuivre (Cu), argent (Ag), or (Au), rhodium (Rh), iridium (Ir),
ruthénium (Ru), osmium (Os), titane (Ti), zirconium (Zr), hafnium (Hf), europium (Eu), terbium (Tb) et thulium
(Tm),

A, et A 5 sont chacun de maniére indépendante sélectionnés parmi un groupe C5-Cg( carbocyclique et un
groupe C,-Cg hétérocyclique,

Y41 @ Y4 sont chacun de maniéere indépendante N ou C,

Y51 @ Yy, sont chacun de maniére indépendante N ou C,

Y31 @ Y34 sont chacun de maniére indépendante N ou C, et

Y41 @ Y45 sont chacun de maniére indépendante N ou C,

T41 & T4, sont chacun de maniére indépendante sélectionnés parmi une liaison simple, O et S,

L4 & L45 sont chacun de maniére indépendante sélectionnés parmi une liaison simple, *-O-*, *-S-*, *-C(R5)
(Rie)-", *-C(Ry5)=", *=C(Ry3)-", *-C(R15)=C(Ryg)-", *-C(=0)-", *-C(=8)-", *-C=C-", *-B(Ry5)-", *-N(Ry3)-"",
*-P(Ry5)-", *-Si(R45)(R46)-"', *-P(=O)(R45)(R4g)-*" et *-Ge(Ry5)(R4g)-*,

b11 a b13 sont chacun de maniére indépendante un entier de 0 a 3,

lorsque b11 est 0, Y5, ou Y, n'est pas lié a A;,, lorsque b12 est 0, A, et A,5 ne sont pas liés I'un & l'autre, et
lorsque b13 est 0, A5 et Y54 ne sont pas liés I'un a l'autre,

L4 aL gsontchacunde maniére indépendante sélectionnés parmi *-O-*, *-S-*', *-C(=0)-*, *-C(=S)-*, *-B(R47)-
*, *-N(Ry7)-", *-P(R47)-", *-Si(R17)(R4g)-", *-P(=0)(R17)(R45)-*, *-Ge(R47)(R4g)-*’, un groupe C,-C,, hydro-
carbone divalent, un groupe C5-Cg carbocyclique divalent et un groupe C4-Cg hétérocyclique divalent,

b14 et b15 sont chacun de maniére indépendante un entier de 1 a 5,

b16 est un entier de 0 a 5,

lorsque b16 est 0, L4 est une liaison simple,

R41 & Ryg sont chacun de maniére indépendante sélectionnés parmi hydrogéne, deutérium, -F, -Cl, -Br, -I, un
groupe hydroxyle, un groupe cyano, un groupe nitro, un groupe amidino, un groupe hydrazino, un groupe
hydrazono, un groupe C4-Cgq alkyle substitué ou non substitué¢, un groupe C,-Cg alkényle substitué ou non
substitué, un groupe C,-Cgq alkynyle substitué ou non substitué, un groupe C4-Cg alcoxy substitué ou non
substitué, un groupe C5-C,, cycloalkyle substitué ou non substitué, un groupe C;-C;, hétérocycloalkyle
substitué ou non substitué, un groupe C5-C,, cycloalkényle substitué ou non substitué, un groupe C4-C4,
hétérocycloalkényle substitué ou non substitué, un groupe Cg-Cgq aryle substitué ou non substitué, un groupe
Ce-Cg aryloxy substitué ou non substitué, un groupe Cg-Cg arylthio substitué ou non substitué, un groupe
C,-Cgp hétéroaryle substitué ou non substitué, un groupe C4-Cg hétéroaryloxy substitué ou non substitué, un
groupe C4-Cgq hétéroarylthio substitué ou non substitué, un groupe polycyclique condensé non aromatique
monovalent substitué ou non substitué, un groupe hétéropolycyclique condensé non aromatique monovalent
substitué ou non substitué, -Si(Q;)(Q,)(Q3), -B(Q1)(Q,), -N(Q4)(Q,), -P(Q4)(Q,), -C(=0)(Q,), -S(=0)(Q,),
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-S(=0)2(Q), -P(=0)(Q4)(Qy) et -P(=5)(Q4)(Qy),

Ris5 et Ry1; Rys et Ry5 ; Rys5 et Ry3; ou Ry5 et Ry, sont facultativement liés pour former un groupe C5-Cg
carbocyclique substitué ou non substitué ou un groupe C,-Cgq hétérocyclique substitué ou non substitué,
a1 a a14 sont chacun de maniére indépendante un entier de 1 a 8,

* et * indiquent chacun un site de liaison a un atome voisin,

au moins un substituant du groupe C3-C,, cycloalkyléne substitué, du groupe C4-C,, hétérocycloalkyléne
substitué, du groupe C5-C, cycloalkényléne substitué, du groupe C,-C, hétérocycloalkényléne substitué, du
groupe C4-Cgq arylene substitué, du groupe C4-Cgq hétéroaryléne substitué, du groupe polycyclique condensé
non aromatique divalent substitué, du groupe hétéropolycyclique condensé non aromatique divalent substitué,
du groupe C4-Cgq alkyle substitué, du groupe C,-Cq alkényle substitué, du groupe C,-Cg alkynyle substitué, du
groupe C4-Cg alcoxy substitué, du groupe C3-C, cycloalkyle substitué, du groupe C4-C,, hétérocycloalkyle
substitué, du groupe C5-C 4, cycloalkényle substitué, du groupe C,-C, hétérocycloalkényle substitué, du groupe
Ce-Cg aryle substitué, du groupe Cg-Cgq aryloxy substitué, du groupe Cg-Cg arylthio substitué, du groupe
C,-Cgp hétéroaryle substitué, du groupe polycyclique condensé non aromatique monovalent substitué et du
groupe hétéropolycyclique condensé non aromatique monovalent substitué est sélectionné parmi :

deutérium, -F, -Cl, -Br, -1, un groupe hydroxyle, un groupe cyano, un groupe nitro, un groupe amidino, un
groupe hydrazino, un groupe hydrazono, un groupe C4-Cg alkyle, un groupe C,-Cg alkényle, un groupe
C,-Cg alkynyle et un groupe C4-Cg alcoxy ;

un groupe C,-Cg alkyle, un groupe C,-Cgq alkényle, un groupe C,-Cg alkynyle et un groupe C,-Cg alcoxy,
chacun substitué par au moins un groupe sélectionné parmi deutérium, -F, -Cl, -Br, -1, un groupe hydroxyle,
un groupe cyano, un groupe nitro, un groupe amidino, un groupe hydrazino, un groupe hydrazono, un groupe
C5-C,p cycloalkyle, ungroupe C4-C, 4 hétérocycloalkyle, un groupe C5-C, cycloalkényle, un groupe C4-C4
hétérocycloalkényle, un groupe Cg-Cg aryle, un groupe Cg-Cgq aryloxy, un groupe Cg-Cgq arylthio, un
groupe C4-Cgq hétéroaryle, un groupe polycyclique condensé non aromatique monovalent, un groupe
hétéropolycyclique condensé non aromatique monovalent, - Si(Q41)(Q42)(Q43), -N(Q41)(Q15), -B(Q41)(Q42),
-C(=0)(Q41), -S(=0)2(Q44) et - P(=0)(Q41)(Q2) ;

un groupe C53-C,( cycloalkyle, un groupe C4-C,, hétérocycloalkyle, un groupe C5-C,, cycloalkényle, un
groupe C4-C, hétérocycloalkényle, un groupe Cg-Cg aryle, un groupe Cg-Cg aryloxy, un groupe Cg-Cg
arylthio, un groupe C4-Cgq hétéroaryle, un groupe polycyclique condensé non aromatique monovalent, un
groupe hétéropolycyclique condensé non aromatique monovalent, un groupe biphényle et un groupe
terphényle ;

un groupe C53-C,, cycloalkyle, un groupe C4-C,, hétérocycloalkyle, un groupe C5-C,, cycloalkényle, un
groupe C4-C, hétérocycloalkényle, un groupe Cg-Cg aryle, un groupe Cg-Cg aryloxy, un groupe Cg-Cg
arylthio, un groupe C4-Cgq hétéroaryle, un groupe polycyclique condensé non aromatique monovalent, un
groupe hétéropolycyclique condensé non aromatique monovalent, chacun substitué par au moins un groupe
sélectionné parmi deutérium, -F, -ClI, -Br, -1, un groupe hydroxyle, un groupe cyano, un groupe nitro, un
groupe amidino, un groupe hydrazino, un groupe hydrazono, un groupe C,-Cg alkyle, un groupe C,-Cg
alkényle, un groupe C,-Cg, alkynyle, un groupe C4-Cgq alcoxy, un groupe C3-C,, cycloalkyle, un groupe
C4-C4o hétérocycloalkyle, un groupe C5-C,, cycloalkényle, un groupe C-C,, hétérocycloalkényle, un
groupe Cg-Cgq aryle, un groupe Cg-Cgq aryloxy, un groupe Cg-Cgqq arylthio, un groupe C-Cg, hétéroaryle,
un groupe polycyclique condensé non aromatique monovalent, un groupe hétéropolycyclique condensé non
aromatique monovalent & I'exclusion d’un groupe carbazolyle, -Si(Q41)(Q25)(Q3), -N(Q51)(Q55), - B(Qy1)
(Qyy), “C(=0)(Qyy), -8(=0)(Qyy) et -P(=0)(Qq)(Qyy); et

-Si(Q31)(Q32)(Q33), -N(Q31)(Q32), -B(Q31)(Q3p), -C(=0)(Q34), -S(=0),(Q31) et -P(=0)(Q3)(Q35), et

Q4 @ Q3, Q41 8 Qq3, Qyq @ Q3 et Q34 @ Q33 sont chacun de maniére indépendante sélectionnés parmi
hydrogéne, deutérium, -F, -Cl, -Br, -I, un groupe hydroxyle, un groupe cyano, un groupe nitro, un groupe
amidino, un groupe hydrazino, un groupe hydrazono, un groupe C4-Cgq alkyle, un groupe C,-Cg alkényle,
un groupe C,-Cgq alkynyle, un groupe C4-Cgq alcoxy, un groupe C5-C,4, cycloalkyle, un groupe C4-Cy
hétérocycloalkyle, un groupe C5;-C, cycloalkényle, un groupe C4-C,, hétérocycloalkényle, un groupe
Ce-Cgp aryle, un groupe C4-Cgq aryle substitué par un groupe C4-Cg, alkyle, un groupe Cg-Cg, aryle
substitué par un groupe Cg-Cgq aryle, un groupe terphényle, un groupe C4-Cqq hétéroaryle, un groupe
C,-Cgp hétéroaryle substitué par un groupe C4-Cgq alkyle, un groupe C,-Cg hétéroaryle substitué par un
groupe Cg-Cqq aryle, un groupe polycyclique condensé non aromatique monovalent et un groupe hétéro-
polycyclique condensé non aromatique monovalent.

2. Dispositif électroluminescent organique (10) selon la revendication 1, dans lequel :
L, et L, dans les Formules 1, 1-1, 1-2 et 1-3 sont chacun de maniére indépendante sélectionnés parmi :
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un groupe phényléne, un groupe naphtyléne, un groupe fluorényléne, un groupe spiro-fluorényléne, un groupe
benzofluoréne, un groupe dibenzofluoréne, un groupe phénanthrényléne, un groupe anthracénylene, un groupe
pyrényléne, un groupe chrysényléne, un groupe pyridinyléne, un groupe pyrazinyléne, un groupe pyrimidinyléne,
un groupe pyridazinyléne, un groupe quinolinyléne, un groupe isoquinolinyléne, un groupe quinoxalinyléne, un
groupe quinazolinyléne, un groupe carbazolyléne et un groupe triazinyléne ;

un groupe phényléne, un groupe naphtyléne, un groupe fluorényléne, un groupe spiro-fluorényléne, un groupe
benzofluorényléne, un groupe dibenzofluorénylene, un groupe phénanthrényléne, un groupe anthracényléne,
un groupe pyrényléne, un groupe chrysényléne, un groupe pyridinyléne, un groupe pyrazinyléne, un groupe
pyrimidinyléne, un groupe pyridazinyléne, un groupe quinolinyléne, un groupe isoquinolinyléne, un groupe
quinoxalinyléne, un groupe quinazolinyléne, un groupe carbazolyléne et un groupe triazinyléne, chacun sub-
stitué par au moins un groupe sélectionné parmi deutérium, -F, - Cl, -Br, -1, un groupe hydroxyle, un groupe cyano,
un groupe nitro, un groupe amino, un groupe amidino, un groupe hydrazine, un groupe hydrazone, un groupe
acide carboxylique ou un sel de celui-ci, un groupe acide sulfonique ou un sel de celui-ci, un groupe acide
phosphorique ou un sel de celui-ci, un groupe C4-C,q alkyle, un groupe C,-C, alcoxy, un groupe phényle, un
groupe biphényle, un groupe terphényle, un groupe naphtyle, un groupe fluorényle, un groupe spiro-fluorényle,
un groupe benzofluorényle, un groupe dibenzofluorényle, un groupe phénanthrényle, un groupe anthracényle,
un groupe pyrényle, un groupe chrysényle, un groupe pyridinyle, un groupe pyrazinyle, un groupe pyrimidinyle,
un groupe pyridazinyle, un groupe isoindolyle, un groupe quinolinyle, un groupe isoquinolinyle, un groupe
quinoxalinyle, un groupe quinazolinyle, un groupe carbazolyle et un groupe triazinyle ; et

-Si(Q4)(Qs)-, et

Q, et Qg sont chacun de maniére indépendante sélectionnés parmi :

un groupe C,-C,, alkyle, un groupe C,-C, alcoxy et un groupe phényle ; et

un groupe phényle, un groupe biphényle, un groupe terphényle et un groupe naphtyle, chacun substitué par
au moins un groupe sélectionné parmi deutérium, -F, -Cl, - Br, -1, un groupe hydroxyle, un groupe cyano, un
groupe nitro, un groupe C4-C, alkyle, un groupe C4-C,q alcoxy, un groupe phényle, un groupe biphényle, un
groupe terphényle et un groupe naphtyle.

3. Dispositif électroluminescent organique (10) selon la revendication 1 ou la revendication 2, dans lequel :

A, & Ag dans les Formules 1-1, 1-2 et 1-3 sont chacun de maniére indépendante sélectionnés parmi un cycle
benzéne, un cycle naphtaléne, un cycle pyridine, un cycle pyrimidine, un cycle pyrazine, un cycle pyridazine, un
cycle triazine, un cycle quinoline, un cycle isoquinoline, un cycle quinoxaline, un cycle quinazoline et un cycle
représenté par la Formule 4 :

Formule 4

Xs

Xg

dans lequel, dans la Formule 4,

X5 et Xg sontchacun de maniére inqépendante sélectionnés parmi*-O-*, *-S-*, *-C(Rg)(Rg)-*', *-C(=0)-*, *-B(Rg)
(Rg)-*", *-N(Rg)-*, *-P(Rg)-* et *-Si(Rg)(Rg)-*’ et

Rg et Rg sont les mémes que décrit en connexion avec les Formules 1, 1-1, 1-2 et 1-3.

4. Dispositif électroluminescent organique (10) selon 'une quelconque des revendications 1 a 3, dans lequel :
R, @ Rq dans les Formules 1-1, 1-2 et 1-3 sont chacun de maniere indépendante sélectionnés parmi :

hydrogéne, deutérium, -F, -Cl, -Br, -, un groupe hydroxyle, un groupe cyano, un groupe nitro, un groupe amino, un
groupe amidino, un groupe hydrazine, un groupe hydrazone, un groupe acide carboxylique ou un sel de celui-ci,
un groupe acide sulfonique ou un sel de celui-ci, un groupe acide phosphorique ou un sel de celui-ci, un groupe
C-Cg alkyle, un groupe C,-Cg alkényle, un groupe C,-Cgq alkynyle, un groupe C4-Cgq alcoxy, un groupe
phényle, un groupe naphtyle, un groupe fluorényle, un groupe pyrényle, un groupe phénalényle, un groupe
phénanthrényle, un groupe anthracényle, un groupe fluoranthényle, un groupe triphénylényle, un groupe
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pyrazolyle, un groupe imidazolyle, un groupe benzimidazolyle, un groupe pyridinyle, un groupe pyrimidyle, un
groupe quinolinyle, un groupe isoquinolinyle, un groupe benzoquinolinyle, un groupe naphtyridinyle, un groupe
quinoxalinyle, un groupe quinazolinyle, un groupe carbazolyle, un groupe phénanthridinyle, un groupe acridinyle,
un groupe phénanthrolinyle, un groupe phénazinyle, un groupe triazinyle, un groupe dibenzofuranyle, un groupe
dibenzothiophényle, un groupe biphényle et un groupe terphényle ;

un groupe phényle, un groupe naphtyle, un groupe fluorényle, un groupe pyrényle, un groupe phénalényle, un
groupe phénanthrényle, un groupe anthracényle, un groupe fluoranthényle, un groupe triphénylényle, un groupe
pyrazolyle, un groupe imidazolyle, un groupe benzimidazolyle, un groupe pyridinyle, un groupe pyrimidyle, un
groupe quinolinyle, un groupe isoquinolinyle, un groupe benzoquinolinyle, un groupe naphtyridinyle, un groupe
quinoxalinyle, un groupe quinazolinyle, un groupe carbazolyle, un groupe phénanthridinyle, un groupe acridinyle,
un groupe phénanthrolinyle, un groupe phénazinyle, un groupe triazinyle, un groupe dibenzofuranyle, un groupe
dibenzothiophényle, un groupe biphényle et un groupe terphényle, chacun substitué par au moins un groupe
sélectionné parmi deutérium, -F, -Cl, -Br, -1, un groupe hydroxyle, un groupe cyano, un groupe nitro, un groupe
méthyle, un groupe éthyle, un groupe propyle, un groupe isobutyle, un groupe sec-butyle, un groupe ter-butyle,
un groupe pentyle, un groupe isoamyle, un groupe hexyle, un groupe C,-Cg alcoxy, un groupe cyclopentyle, un
groupe cyclohexyle, un groupe cycloheptyle, un groupe cyclopentényle, un groupe cyclohexényle, un groupe
phényle, un groupe naphtyle, un groupe fluorényle, un groupe pyrényle, un groupe phénalényle, un groupe
phénanthrényle, un groupe anthracényle, un groupe fluoranthényle, un groupe triphénylényle, un groupe
pyrazolyle, un groupe imidazolyle, un groupe benzimidazolyle, un groupe pyridinyle, un groupe pyrimidyle,
un groupe quinolinyle, un groupe isoquinolinyle, un groupe benzoquinolinyle, un groupe naphtyridinyle, un
groupe quinoxalinyle, un groupe quinazolinyle, un groupe carbazolyle, un groupe phénanthridinyle, un groupe
acridinyle, un groupe phénanthrolinyle, un groupe phénazinyle, un groupe triazinyle, un groupe dibenzofuranyle,
un groupe dibenzothiophényle, un groupe biphényle et un groupe terphényle ; et

-Si(Q4)(Q5)(Qg) et -P(=0)(Q4)(Qs5), et

Q,4 a Qg sont chacun de maniére indépendante sélectionnés parmi :

un groupe C4-C,, alkyle, un groupe C,-C,, alcoxy et un groupe phényléne ; et

un groupe phényle, un groupe biphényle, un groupe terphényle et un groupe naphtyle, chacun substitué par
au moins un groupe sélectionné parmi deutérium, -F, -Cl, - Br, -I, un groupe hydroxyle, un groupe cyano, un
groupe nitro, un groupe C4-C, alkyle, un groupe C4-C, alcoxy, un groupe phényle, un groupe biphényle, un
groupe terphényle et un groupe naphtyle.

5. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 4, dans lequel :

le premier composé est un composé représenté par I'une des Formules 1A, 1B et 1C :

Formule 1A
(Re)ar—— Ay Ay T Rae
Ras—= A3 | 1 AL F—(Ry)as
e Ny
Formule 1B
sy X
SN
(Ridar—— Ay | i Ay T (Roa
: 2 (Lo)pz~(Rr)ar
(Re)as—— As L A ‘,‘,‘:“—“(Re)ae
N
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Formule 1C
(R31)a31'_'_.

. I:"/“X(RSZ)aSZ

Kate o s NP
VoA Ag |
(Ra1)a41 (R42)ass

dans lequel, dans les Formules 1A, 1B et 1C,

XiaXy, AjahAg Ly, Ly, b2, Ry aR; etal aa7 sontles mémes que décrit en connexion avec les Formules 1, 1-1,
1-2 et 1-3,

X3, et X3, sont chacun de maniére indépendante les mémes que décrit en connexion avec X5 dans les Formules
1,1-1,1-2 et 1-3,

Az, et A;, sontchacun de maniére indépendante les mémes que décrit en connexion avec A; dans les Formules
1,1-1,1-2 et 1-3,

A, 4 et Ay, sont chacun de maniere indépendante les mémes que décrit en connexion avec A, dans les Formules
1,1-1,1-2 et 1-3,

R3 etR3, sontchacun de maniére indépendante les mémes que décriten connexion avec Ry dans les Formules
1,1-1,1-2 et 1-3,

R4+ et R4, sontchacun de maniere indépendante les mémes que décriten connexion avec R, dans les Formules
1,1-1,1-2 et 1-3,

a31 eta32 sont chacun de maniére indépendante les mémes que décrit en connexion avec a3 dans les Formules
1,1-1,1-2 et 1-3, et

a41 etad2 sont chacun de maniére indépendante les mémes que décrit en connexion avec a4 dans les Formules
1,1-1,1-2 et 1-3.

6. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 5, dans lequel :
le premier composé est sélectionné parmi les Composés BH2 a BH28 :
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Dispositif électroluminescent organique (10) selon 'une quelconque des revendications 1 a 6, dans lequel :
M, dans les Formules 2A et 2B est sélectionné parmi Pt, Pd, Cu, Ag et Au.

Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 7, dans lequel :

A,, et A3 dans les Formules 2A et 2B sont chacun de maniére indépendante représentés par une formule
sélectionnée parmi les Formules 2-1 a 2-43 :

e
k e Rt Iy
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dans lequel, dans les Formules 2-1 a 2-43,

X51 @Xy3 sontchacun de maniere indépendante sélectionnés parmi C(R,,) et C-*, dans lequel au moins deux de
X51 @ Xy3 sont chacun C-*,

Xy4 €5t N-* et X,5 et X, sont chacun de maniére indépendante sélectionnés parmi C(R,,) et C-*, dans lequel au
moins 'un de X,5 et Xyq est C-%,

X7 et X,g sont chacun de maniére indépendante sélectionnés parmiN, N(R,5) et N-* et X, 4 est sélectionné parmi
C(Ry,) et C-*, dans lequel i) au moins I'un de X,; et X,g est N-* et X, est C-*, ou ii) X,7 et X5g sont chacun N-* et
Xog est C(Ryy),

R,1aR,5 sontchacun de maniére indépendante les mémes que décriten connexion avec R4 dansla Formule 1,
b21 est sélectionné parmi 1, 2 et 3,

b22 est sélectionné parmi 1, 2, 3, 4 et 5,

b23 est sélectionné parmi 1, 2, 3 et 4,

b24 est sélectionné parmi 1 et 2 et

* indique un site de liaison a un atome voisin.

9. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 8, dans lequel,
dans les Formules 2A et 2B,

Y41, Yy €t Y 3 sontchacun C et Y, estN;
Y41, Yio €t Yy, sont chacun C et Y 3 estN;
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Y41, Yiz3 €t Yy sontchacun C et Y, estN;

Y42, Yiz et Y, sontchacun CetY ; estN;

Y 41 et Y44 sont chacun C et Y4, et Y,5 sont chacun N ;

Y 44 et Y 4 sont chacun N et Y, et Y5 sont chacun C ;

Y 41 et Y4, sont chacun C et Y5 et Y,, sont chacun N ;

Y 44 et Yy, sont chacun N et Y5 et Y, 4, sont chacun C ;
Y41 et Y43 sont chacun C et Y, et Y, sont chacun N ; ou
Y, et Y43 sont chacun N et Y, et Y, sont chacun C.

10. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 9, dans lequel,

dans les Formules 2A et 2B,

L4 etL,5 sont chacun de maniére indépendante sélectionnés parmi *-O-*', *-8-*', *-N(R¢)-*’, un groupe C,-C,,
alkylene, un groupe C,-C, alkényléne et un groupe C,-C, alkynyléne,

Rg est sélectionné parmi :

un groupe phényle, un groupe biphényle, un groupe terphényle, un groupe naphtyle, un groupe fluorényle,
un groupe spiro-fluorényle, un groupe benzofluorényle, un groupe dibenzofluorényle, un groupe phénan-
thrényle, un groupe anthracényle, un groupe pyrényle, un groupe chrysényle, un groupe pyridinyle, un
groupe pyrazinyle, un groupe pyrimidinyle, un groupe pyridazinyle, un groupe quinolinyle, un groupe
isoquinolinyle, un groupe quinoxalinyle, un groupe quinazolinyle, un groupe carbazolyle et un groupe
triazinyle ; et

un groupe phényle, un groupe biphényle, un groupe terphényle, un groupe naphtyle, un groupe fluorényle,
un groupe spiro-fluorényle, un groupe benzofluorényle, un groupe dibenzofluorényle, un groupe phénan-
thrényle, un groupe anthracényle, un groupe pyrényle, un groupe chrysényle, un groupe pyridinyle, un
groupe pyrazinyle, un groupe pyrimidinyle, un groupe pyridazinyle, un groupe quinolinyle, un groupe
isoquinolinyle, un groupe quinoxalinyle, un groupe quinazolinyle, un groupe carbazolyle et un groupe
triazinyle, chacun substitué par au moins un groupe sélectionné parmi deutérium, -F, -Cl, -Br, -I, un groupe
hydroxyle, un groupe cyano, un groupe nitro, un groupe amino, un groupe amidino, un groupe hydrazine, un
groupe hydrazone, un acide carboxylique ou un sel de celui-ci, un groupe acide sulfonique ou un sel de celui-
ci, un groupe acide phosphorique ou un sel de celui-ci, un groupe C4-C, alkyle, un groupe C4-C,, alcoxy, un
groupe phényle, un groupe biphényle, un groupe terphényle, un groupe naphtyle, un groupe azulényle, un
groupe fluorényle, un groupe spiro-fluorényle, un groupe benzofluorényle, un groupe dibenzofluorényle, un
groupe phénanthrényle, un groupe anthracényle, un groupe pyrényle, un groupe chrysényle, un groupe
pyridinyle, un groupe pyrazinyle, un groupe pyrimidinyle, un groupe pyridazinyle, un groupe quinolinyle, un
groupe isoquinolinyle, un groupe quinoxalinyle, un groupe quinazolinyle, un groupe carbazolyle et un groupe
triazinyle, et

L, est sélectionné parmi :

un groupe phényléne, un groupe naphtyléne, un groupe fluorényléne, un groupe spiro-fluorényléne, un
groupe benzofluoréne, un groupe dibenzofluoréne, un groupe phénanthrényléne, un groupe anthra-
cényléne, un groupe pyrényléne, un groupe chrysényléne, un groupe pyridinyléne, un groupe pyrazi-
nyléne, un groupe pyrimidinyléne, un groupe pyridazinyléne, un groupe quinolinyléne, un groupe
isoquinolinyléne, un groupe quinoxalinyléne, un groupe quinazolinylene, un groupe carbazolyléne et
un groupe triazinyléne ; et

un groupe phényléne, un groupe naphtyléne, un groupe fluorényléne, un groupe spiro-fluorényléne, un
groupe benzofluorényléne, un groupe dibenzofluorényléne, un groupe phénanthrényléne, un groupe
anthracénylene, un groupe pyrényléne, un groupe chrysényléne, un groupe pyridinyléne, un groupe
pyrazinylene, un groupe pyrimidinyléne, un groupe pyridazinyléne, un groupe quinolinyléne, un groupe
isoquinolinyléne, un groupe quinoxalinyléne, un groupe quinazolinyléne, un groupe carbazolyléne etun
groupe triazinyléne, chacun substitué par au moins un groupe sélectionné parmi deutérium, -F, - Cl, -Br,
-1, un groupe hydroxyle, un groupe cyano, un groupe nitro, un groupe amino, un groupe amidino, un
groupe hydrazine, un groupe hydrazone, un groupe acide carboxylique ou un sel de celui-ci, un groupe
acide sulfonique ou un sel de celui-ci, un groupe acide phosphorique ou un sel de celui-ci, un groupe
C,-C,palkyle, ungroupe C4-C,, alcoxy, un groupe phényle, un groupe biphényle, un groupe terphényle,
un groupe naphtyle, un groupe fluorényle, un groupe spiro-fluorényle, un groupe benzofluorényle, un
groupe dibenzofluorényle, un groupe phénanthrényle, un groupe anthracényle, un groupe pyrényle, un
groupe chrysényle, un groupe pyridinyle, un groupe pyrazinyle, un groupe pyrimidinyle, un groupe
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pyridazinyle, un groupe isoindolyle, un groupe quinolinyle, un groupe isoquinolinyle, un groupe quino-
xalinyle, un groupe quinazolinyle, un groupe carbazolyle et un groupe triazinyle.

11. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 10, dans lequel :

une fraction représentée par *-(L44)p14-(L16)p16-(L15)p15-" dans les Formules 2A et 2B est représentée par une
formule sélectionnée parmi les Formules 3-1 a 3-7 :

O,

0/\/ \__-—\D S/\/ \._,\S

R S A SR

* x4
34 3-2 3-3 oo
* &1 * wif * a
3-5 56 3

dans lequel, dans les Formules 3-1 a 3-7,
* et ¥ indiquent chacun un site de liaison a un atome voisin.

12. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 11, dans lequel :
R41 &8 Ryg dans les Formules 2A et 2B sont chacun de maniére indépendante sélectionnés parmi :

hydrogene, deutérium, -F, -Cl, -Br, -I, un groupe cyano, un groupe méthyle, un groupe éthyle, un groupe n-
propyle, un groupe isopropyle, un groupe n-butyle, un groupe isobutyle, un groupe sec-butyle et un groupe tert-
butyle ;

un groupe méthyle, un groupe éthyle, un groupe n-propyle, un groupe isopropyle, un groupe n-butyle, un groupe
isobutyle, un groupe sec-butyle et un groupe tert-butyle, chacun substitué par au moins un groupe sélectionné
parmi deutérium, -F, -ClI, -Br, -l et un groupe cyano ; et

un groupe phényle, un groupe naphtyle et un groupe pyridinyle.

13. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 12, dans lequel :

le second composé est sélectionné parmi les Composés BD1 a BD25, ou Ph dans les Composés BD1 a BD25
représente un groupe phényle :

mmg@m@

b NN
E N NN ;
Z X S o4
Pt Pt Pt Pt
o o o si o S[i:
BD BD2 BD BD4

N7
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N= = NN r;:—n N-N =
2 " A
X N\ /N o N /LN/} N 7
Pt Pt Pt
Y YN N
N 2= X N A7 N Ny
BD& BD7 BD8
P NI I
02 go 52 SS
-N N~N N-N N~N N-N
B s w f‘i, ‘i\l Ntr
N N A E\ AN
Pt Pt Pt
NC 0 CN o 0 0 0
BD11 BD12 BD13 BD14 BD15
N=N =N N-N N-§ m m N=N NeN
N N N N N N NN NN
o \ 7 P N \ 7 s R (o s X \ S A RN N 7 P
Pt Pt Pt Pt Pt
Ph o ph o o o~ o) 30 o CFy "SI
PH Ph
BD16 BDA7 BD18 BD19 BD20
N N
N N N Nz N N
Pt Pt Pt
8021 BD22 BD23 BD24 BD25

14. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 13, dans lequel :

I’'héte comprend en outre un composé contenant de I'oxyde de phosphine, et
le composé contenant de I'oxyde de phosphine est différent du premier composé.

15. Dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 14, dans lequel :

la premiére électrode (110) est une anode,

la seconde électrode (190) est une cathode, et

la couche organique (150) comprend en outre une région de transport de trous entre la premiéere électrode (110)
etla couche d’émission et une région de transport d’électrons entre la couche d’émission et la seconde électrode
(190),

la région de transport de trous comprend au moins une couche sélectionnée parmi une couche d’injection de
trous, une couche de transport de trous, une couche tampon, une couche auxiliaire d’émission et une couche de
blocage d’électrons, et

la région de transport d’électrons comprend au moins une couche sélectionnée parmi une couche de blocage de
trous, une couche de transport d’électrons et une couche d’injection d’électrons.
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16. Dispositif électroluminescent organique (10) selon la revendication 15, dans lequel :

la région de transport de trous comprend au moins une couche parmi une couche d’injection de trous et une
couche de transport de trous, et

au moins une couche parmila couche d’injection de trous et la couche de transport de trous comprend un dopant
p, ou

la région de transport de trous comprend un unique film comprenant un dopant p.

17. Dispositif électroluminescent organique (10) selon la revendication 15 ou la revendication 16, dans lequel :
la région de transport d’électrons comprend une couche de blocage de trous, et
la couche de blocage de trous comprend un composé contenant de 'oxyde de phosphine ou un composé
contenant du silyle.

18. Appareil d’affichage a écran plat comprenant :
un transistor a film mince comprenant une électrode de source, une électrode de drain et une couche active ; et
un dispositif électroluminescent organique (10) selon I'une quelconque des revendications 1 a 17,

dans lequel la premiere électrode (110) du dispositif électroluminescent organique (10) est connectée élec-
triquement a une électrode parmi I'électrode de source et I'électrode de drain du transistor a film mince.
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